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EVOLUTION AND THE LIVER* 
HANS ELIAS, Ph.D.** 


The liver great big, brown organ 
which appears quite uninteresting. 
lacks the dynamic appeal the heart 
the brain and sturdy that rarely 
causes noticeable trouble. Yet, its mor- 
phology yields unexpected insight into 
some aspects evolution. 


Morphology not the mere description 
structures and shapes, but large 
field, the chief aspects which are his- 
torical. Morphology organ begins 
with its earliest appearance among primi- 
tive animals and ends with its degenera- 
tion disease, just the history 
star begins with its hypothetical conden- 
sation from hydrogen cloud and may 
end with its explosion supernova 
and final contraction. 


The studies reported here began 
1947 the accidental finding dis- 
crepancy between the classical textbook 
descriptions the normal human liver 
and observed slides. The discovery that 
the theory cord structure was unten- 
able and had replaced the theory 
plate was made the pro- 
cess preparing illustrative material for 
teaching. 


From then on, further studies were 
guided chiefly the writer’s interest 
evolution. These studies led into the 
fields micro-anatomy, 


*Partially aided grants from the U.S. Public 
Health Service and the American Cancer Society. 


Professor Anatomy, The Chicago 
Medical School. 
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comparative embryology, pathology and 
oncology. This long road investiga- 
tions was strewn with unexpected find- 
ings, many contradicting, some support- 
ing established biological principles. 


Allegedly there had been 
evolution the liver from the cyclos- 
tomes man, beginning the former 
with the structure ramified tubular 
gland (Fig. 1). The blindly ending tu- 
bules had become connected into net- 
work, that the livers fishes, amphi- 
bians, reptiles and birds were “net-like 
tubular glands” (Fig. 2). Finally, the 
mammals, was reported, the tubules 
had become narrow, two cell thick cords 
united net (Fig. 3). 

1947, these viewpoints were “firmly 
established”. However, nothing all 
was correct. have described 
another the psychological failings 
two generations anatomists, which 
erected this fictitious picture liver evo- 
lution. These men were dominated 
blind confidence the published opin- 
ions their predecessors. Their own ob- 
servations—and they were excellent ob- 
servations—were distorted fit the 
established theory. original observa- 
tions would needed; but the mere 
study the illustrations these nine- 
teenth and twentieth century authors, 
assuming that the illustrations presented 
typical average fields vision would 
suffice show the inaccuracy the 
opinions which these same authors 
arrived. Throughout the literature 
liver morphology from 1849 1947 this 
discrepancy between observation and in- 
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terpretation dominates the picture. There 
was but one exception: The distinguished 
anatomist Bluntschli, that time (1904), 
young beginner, dared say that his 
observations did not bear out exactly the 
existing doctrines. But admitted that 
either his specimens must have been 
poorly preserved that he, because 
his lack experience, was incapable 
understanding how his slides could 
reconciled with the logical theory. 
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Figures 


Figures 1-3. Stereographic presentations supposed structures vertebrate livers, subsequently 
shown incorrect: hagfish; most lower vertebrates and birds; mammals. 


Our the livers spe- 
cies taken from every class and many 
orders vertebrates were carried out 
three methods three-dimensional inves- 
tigation: examination very thick 
slices under varying focus; wax plate 
and glass plate reconstructions from se- 
rial sections; the statistico-geometrical 
method developed the writer and 
several co-workers.5 

The livers all vertebrate animals 
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have the same basic The 
adult vertebrate liver system con- 
nected walls, called muralium. the 
walls large building, art gallery 
for example, enclose 
them, the liver plates walls, laminae 
hepatis enclose lacunae. the walls 
art gallery have doors through which 
neighboring rooms communicate, 
the laminae hepatis have holes them 
through which neighboring an- 
astomose. Thus vast network spaces, 
the labyrinthus hepatis formed, com- 
parable the vast maze rooms and 
corridors the gallery (Fig. 4). And 
the walls many museums are lined 
with burlap that narrow space exists 
between the masonry and the fabric lin- 
ing, the the liver lined 
with specialized endothelium. Between 
and the laminae hepatis exists the nar- 
row tissue space Disse. 


Now this endothelium encloses vast, 
three-dimensional network sinusoids 
through which blood flows. 


The liver all thus, 
muralium inserted the blood stream 
from the intestine the heart. 


This the most primitive ver- 
tebrate, the hagfish and the most ad- 
vanced, the songbirds and man. From the 
most primitive the highest the 
vertebrates, practically evolutionary 
change has occurred the liver. fact, 
the adult liver the most uniform organ 
the vertebrates. And since liver- 
like organs are known exist inver- 
tebrates (including even Amphioxus), 
the vertebrates could also called “He- 


There exists but one, though minor, 
structural difference among livers: The 
liver the lower vertebrates has two- 
cells thick plates (it muralium du- 
plex) while the liver songbirds and 
that mammals has one-cell-thick plates 
(itis muralium simplex), (Fig. 4). The 
liver amphibians intermediate 
structure, i.e. its plates vary between one 
and two cells thickness. And among the 


(a) With the exception older larvae and 
adults the lamprey. 


(b) Including even young lamprey larvae. 
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Figure Reconstruction from serial sections 
small portion human liver. 


lower birds find muralia duplica and 
sometimes both types 
within one genus. The muralium simplex 
appears better mechanical con- 
struction and greater physiological effi- 
ciency than the duplex, has 
been explained but this dif- 
ference little significance when com- 
pared the overall uniformity this 
organ throughout the vertebrates. 


One would expect, then, that organ 
constant its adult structure would 
show great uniformity embryonal 
development. This also point 
which all embryologists agreed. was 
the consensus opinion that the liver 
all vertebrates arose from tubular 
and branching evagination the intes- 
tinal wall. Again, dogmatism and firm 
belief von Baer’s “laws” embryo- 
genesis and the biogenetic “law” 
Muller and Haeckel and the doctrine 
specificity germ layers blinded many 
investigators against the evidence 
their own observations. The literature 
and psychology this phase liver 
morphology has been critically reviewed 
another 


Just all distinguished teachers, 
and such consider all the great 
embryologists the 19th and early 20th 
century, also was firmly convinced that 
the liver all vertebrates arose 
evagination the gut wall and was pure- 
entodermal. 


How great was astonishment when 
saw mesenchyme cells change into liver 
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cells pig embryos, and when saw 
plates liver cells which arose from 
proliferating mesothelium, penetrating 
between capillaries the umbilical 
veins, the embryos Madagaskar 
hedgehogs. 


More astonishing than the participation 
mesoderm the formation liver 
parenchyma perhaps the great variety 
modes development which en- 
counter among various vertebrates. Some 
vertebrates form their liver from ento- 
derm only, others use mixture en- 
toderm and mesoderm. Some 
through cavitation solid cell masses 
blood islands, which later join form 
the network sinusoids. The livers 
others are formed sprouting solid cell 
cords which penetrate into 
tween preformed capillaries and then 
fuse into connected plates. Again other 
livers are formed first branching 
tubular glands; the tubules lay them- 
selves side side and fuse into two cells 
thick plates. one species two hollow 
entodermal plates lay themselves around 
the sinus venosus and from them sprout 
tubules (later fuse into 
duplex). These tubules interdigitate with 
capillaries that sprout from the sinus 
venosus. others, trabeculae sprout 
from large globular mass cells, 
hollowed out later the advancing 
gut lumen. These fuse still later into 
muralium duplex. Finally there are ver- 
tebrates which individual cells migrate 
from proliferating entodermal diver- 
ticulum® and from the proliferating meso- 
thelial wall the coelom, into preexist- 
ing intercapillary spaces. These migrating 
cells unite into connected walls, forming 
first muralium triplex usque quintup- 
which later thins out into mura- 
lium simplex. This method 
called invasion.” 


Altogether, among species investi- 
gated, fundamentally different modes 
liver development were found. These 
are all summarized Table 


But the surprises not end here. For 


(c) System walls, 3-5 cells thick. 
(d) Development liver parenchyma. 
(e) Development bile ducts. 
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not only are there least modes 
probably more will found more 
species are investigated) 
There are also 
modes which 
undergo variations among various 
for some vertebrates the duct system 
the liver arises evagination from 
the gut penetration the gut 
lumen into the liver primordium, while 
others, the terminal ducts form from 
clusters liver cells which differentiate 
into common epithelial cells. the cen- 
ter such small cell groups located 
within the liver, that 
each such group cells becomes little 
vesicle. Gradually all these vesicles join 
and line into the system hepatic 
ducts. Finally, from their confluence, the 
common bile duct grows toward the gut 
until touches and finally opens into 
The these two 
kinds ductal development are listed 
Table 


other words: twelve different kinds 
embryonic liver, together with two 
kinds ductal development (i.e. twenty- 
four modes total liver development in- 
volving one two kinds building 
material, which brings the methods 
forty-eight) produce identical 
end result: muralium through which 
portal blood streams. 


have the following simile: 


The liver has been compared with 
building. The liver plates the mura- 
lium represent the walls the house. 
Let assume that intend build 
five houses. They shall all alike. They 
are built according one common 
floor plan. specifications exist, how- 
ever, the material used for 
the walls and the method con- 
struction. The five identical houses, there- 
fore can built various manners. One 
them being built log cabin. 
other words, cylinders are brought 
into apposition, and are cemented 
gether form walls. This mode con- 
struction comparable the tubular 
development the liver such found 
selaceans, snakes and birds. 
house being built solid masonry, 
i.e. cementing individual 
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Table 
Modes Development the Duct System 
Ducts arise from the gut 


and advance into the 
liver 


Duets develop from liver 
cells or yolk cells and 
join the gut secondarily 


Species 


Selachii 


Petromyzon planeri 


Torpedo ocellatum 
Squalus acanthias 
Scyllium canicula 


Teleostei 


Amphibia 


Reptilia 
Aves 


Mammalia 


Alligator mississipiensis 


Gallus domesticus 
Toxostoma rufun. 


Homo sapiens LEWIS 
and HORSTMANN 


gether. This method comparable 
interstitial invasion. The walls may 
constructed one kind stone only 
(purely entodermal livers arising in- 
terstitial invasion: guinea pig). 
third house. the walls may built 
solid masonry (individual stones cement- 
together, interstitial invasion) but 
two different materials, such con- 
crete blocks with brick veneer. This 
method corresponds interstitial inva- 
sion from entoderm and mesoderm (de- 
velopment found the primates). The 
fourth and fifth houses are pro- 
duced entirely different way, name- 
excavating the rooms one case 
out solid block stone, the other 
case out solid block clay. The 
method corresponds the excavation 
solid masses cells blood islands 
which later join form the network 
sinusoids. performed with two dif- 
ferent materials: entoderm (frog) and 
mesoderm (turtle). 


After the five houses are covered 
the outside with stucco and the inside 
with wall paper and carpets, one can 
recognize, visual inspection, the dif- 
ferent methods and materials construc- 
tion. 

The most disturbing factor brought for- 
ward these observations that they 


contradict the first and second laws 
von Baer. namely: 
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“1. That the common characteristics 
large group animals are formed 
earlier the embryo than the specific, 
and 


That from the most general mor- 
phological characteristics, the less gen- 
eral ones are formed until, finally, the 
most specific characteristics appear.” 


the case the liver, the opposite 
true: The embryos are diversified, while 
the adults are alike. 


The findings also contradict the Muller- 
Haeckel law biogenesis, which postu- 
lates that embryos resemble ancestral 
adults. far the liver concerned. 
also this not true, for the livers 
young embryos are quite independent 
the morphology their adult ances- 
tors. 


appears that was quite 
justified when said that the question 
the relationship between ontogenesis 
and phylogenesis had been given some- 
what unilateral consideration; for one 
used inquire chiefly which influence 
phylogenesis exerts the ontogenesis 
animals. Sewertzoff then demonstrated 
that important morphological features 
adult fishes and reptiles are the result 
variations their embryos, the embryo 
developing features which had not ex- 
isted the ancestors. showed that 
the embryos initiate evolutionary changes 
certain characteristics, such position 
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Class Ce 
Cyclostomata x d 
Lebistes reticulatus 4 
n 
Thamnophis radix x 
Thamnophis sirtalis t 
( 


and number rays fins, body propor- 
tions, number vertebrae, etc. called 
the process. the 
cases cited Sewertzoff change initi- 
ated the embryo carried its full 
development the adult. 


the case the liver, this not 
verified. For, far the liver con- 
cerned, the embryos initiate very drastic 
changes. But these changes not re- 
main permanent. With further develop- 
ment, the histogenesis all livers leads 
final, common pathway. 


difficult understand why, out 
this great diversity, common end result 
arises. One becomes inclined see 
aim liver development, use final- 
istic approach. However, soon one 
uses finalistic teleological approach, 
one has lost the solid ground scientific 
But, reality, not difficult 
find explanation which does not 
violate the Darwinian principles. 


agree with that diversity 
demonstrates low but sufficient degree 


Uniformity, the other hand, indi- 
cates optimal condition, condition 
which not only the best but also the 
worst possible condition, other words 
the only tolerable condition. can con- 
clude that the structure muralium 
not only the best, but also the only tol- 
erable structure which liver can and 
must have, the organism survive. 


Thus while each species begins build 
its liver arbitrary capricious 
random way, only those species are able 
survive who, chance, have acquired 
the “habit” converting their embryonic 
liver, regardless its original structure 
composition into vascularized mura- 
lium. 


After having become acquainted with 
the normal histology the liver man 
and with its history, based compara- 
tive anatomy and embryology, are 
ready take the final step and look 
what can become liver disease. 
have studied first, morpoholgically 
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striking disease the liver, namely 
have learned interesting 
things from these studies, particularly 
about the behavior connective tissue. 
However, from the standpoint evolu- 
tion were not able learn anything 
from cirrhosis, perhaps because 
strictly degenerative disease. 


However, the study liver cancer, and 
specifically liver carcinoma, 
also called hepatocellular carcinoma and 
hepatoma but better perhaps “hepatocar- 
cinoma,” has again shown phenomena 
which shed much light the central 
problem biology, evolution. 


cell such multi-potential thing. 
But, normally, since located 
specific spot, within specific organ, 
must submit the discipline the 
totalitarian organism. One usually says 
that cell group cells becomes 
cancerous “goes wild.” That is, that 
can grow any direction and manner 
“pleases.” Thus, primary liver cancer 
also appears chaotic first sight. can 
assume many different forms and struc- 
which bear little resem- 
blance normal liver. 


this laboratory one hundred forty- 
four cases human primary liver cancer 
were Using the above men- 
tioned methods extrapolation from 
two-dimensional slices into three-dimen- 
sional space, and comparing the observa- 
tions with knowledge previously gained 
comparative histology and embryol- 
ogy, was possible classify the various 
forms primary liver cancer and 
show that cancerous liver cells, though 
they have freed themselves from the re- 
strictions which the organism had im- 
posed upon them long they were its 
law abiding citizens, nevertheless are 
bound their morphogenetic behavior 
firmly established tradition their 
vertebrate ancestry. 


Plate one sees summary the 
structures which hepatocarcinomata can 
assume; and Plate correspond- 


means that this cancer arises 
from liver cells, distinguished from metastatic 
tumors which have arisen other organs and 
have become lodged the liver. 
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HEPATOCARCINOMATA 
ADRENOCORTICOIDALE 


H. THYREOIOALE 


CUM 


UTEOIDALE 


H.INVASIVUM 
ET SARCOMA 


POLARITATE 4 (MURALIUM SIMPLEX) 


4. 
MURALIOSUM 
DUPLEX 


Ges 


ATROPHIA 


NECROSIS 


CHOL ANGIOIDALE 


H. MURALIOSUM 
TRIPLEX USQUE 
QUINTUPLEX 


H. 
MURALIOSUM 
MULTIPLEX 


SOLIDUM 
CLAUSOFOLLICULARIS 
4.GLOBOSUM 


Plate graphic presentation various forms human primary liver cancer 
and their development. 


ing spaces are drawn their normal verte- 
brate homologues similar positions. 
These two charts are taken from paper 
entitled “De morphologia carcinomatis 
hepatis humami eius con- 
textu cum evolutione phylogenetica 
ontogenetica” now That paper 
the second the author written 


Page 


Latin effort re-introduce inter- 
national language science which 
badly needed. consequence, the la- 
bels Plates and are Latin, but 
facilitate understanding, animal figurines 
illustrate the species which the various 
morphological types occur. Some the 
animals and their embryos are drawn 
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FOLLICUL/ 


VILU 


MURALIUM SIMPLEX 
CUM POLARITATE 


VERTEBRATA 
/INFERIORA 


MURAL/UM 
DUPLEX 


CORTEX ADRENALS 
ZONAE GL., FASC, RET 


MURALIUM 
SIMPLEX 


INTER HEPATUM ORGANOS 


CORPORA 
LUTEA 


EMBRYONES 

OPOSS/ ET 

MURIS ET 
PROSIMII ET 


INVASIO 
INTERSTITIALE 
& MESOTHELIO 


MAMMAL/UM 


TRABECULAE 


EMBRYO SU/S 


EMBRYO 
GALLINAE 


EMBRYONES 
SELACHIORUM 
ET GALLINAE 


EMBRYONES 
AMPH/BIORUM 

ET MAMMALIUM 

SOULS ET TELEOSTEORUM 


MURALIUM 
TRIPLEX USQUE 
QUINTUPLEX 


CHOL ANG/O- 
LAMINAE 


EMBRYO 
‘ty SERPENTIS 


MASSA GLOBOSA 


Plate Homologues among vertebrates and their embryos compared 
with the stereograms Plate 


chimaerae, when morpohological type 
various groups vertebrates. 


Hepatocarcinogenesis begins from the 
normal, human liver 
above the middle Plate i.e. from 
muralium simplex. From there, can 
proceed various morphogenetic direc- 
tions, indicated the arrows. 
first proceed horizontally and 
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downward. one case was observed 
the very beginning malignancy, that 
the nuclei the liver cells had shifted 
their position from the middle the 
cells toward one their surfaces. 
muralium simplex with nuclear polarity 
(1) was thus created, condition nor- 
mally present the adult spiny anteater. 


Very frequently, malignancy begins 
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cell divisions, that the liver plates 
become two cells thick: du- 
plex (2) arises normally present 
many adult lower vertebrates. some 
cases (right side block the nuclei 
remain the middle the cells such 
the livers adult amphibians, and 
bony fishes. other cases (left side 
block there nuclear polarity, 
normal adult livers some lizards, the 
chick and the wood duck for example. 


Two cells thick plates early hepato- 
carcinoma can develop two different 
directions: The plates can acquire oblong 
lumina and then break into tubules 
(3). This development the exact oppo- 
site what happens the shark embryo 
and some others (see Table which 
tubules fuse form muralium duplex; 
and the same what happens 
lamprey larvae, which, first, tubules 
fuse into muralium duplex. But this 
muralium, later stage develop- 
ment, breaks into tubules 
the carcinomatous muralium duplex 
may acquire continuous, flat lumen, 
and its cells may flatten and dedifferen- 
tiate into ordinary epithelium. (4) This 
results the formation muralium 
consisting so-called 
because the resemblance the 
smallest bile ducts (cholangiola). this 
conditon, the hepatocarcinoma has 
structure very similar the early liver 
primordium the chick. 


The cholangiolaminae frequently de- 
generate and die (5). 


other cases the flat epithelium 
the cholangiolaminae becomes tall col- 
umnar, the lumen widens and cholan- 
gioma (bile duct tumor) develops (6). 
Here have phenomenon which 
reminiscent the normal development 
bile ducts bony fishes 
and amphibians, where bile ducts develop 
from liver cells. 


The muralium duplex hepatocarci- 
noma can split into network solid 
cords trabeculae (7) and thus come 
resemble the entodermal portion the 
liver primordium the pig. 


The normal muralium simplex can, 
simultaneous, multiple mitoses, change 
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directly into muralium plates 
five cells thick 
usque (8). this case the 
cancer very similar the embryonic 
livers turtles and mammals. 


Often the plates the muralium 
come extremely thick, (9) thirty 
cells thick. Then the tumor has the struc- 
ture muralium multiplex. This is, 
however, not stable condition and has 
counterpart among the vertebrates. 
Plates such extreme thickness can not 
survive long. They may undergo necrosis 
beginning the center the thickest 
plates. The cells most remote from the 
blood stream die first. 


Often, however, the muralium 
plex breaks into globular masses (10) 
which are bathed broadened blood 
vessels. this case, the tumor resembles 
the early liver primordium garter 
snakes. 


some cases liver cell malignancy, 
the liver cells lose their connection with 
the muralium and, 
shaped, invade the surrounding connec- 
tive tissue (12). Their behavior, then, re- 
sembles the early liver anlage mam- 
mals, including man, which arises in- 
terstitial invasion. 


Since considerable portion the 
human liver parenchyma derives from 
mesoderm, one not astonished find 
occasional sarcomata (connective tissue 
tumors) (12), and even osteomata (bone 
tumors) hepatocellular 


With this, leave the realm liver- 
like liver tumors and shall glance 
the ability hepatic carcinoma mimic 
other organs. 


Hepatocarcinomata which contain 
even largely typical thyroid 
follicles, complete with 
loid are not They may 
arise directly from liver cells some- 
times the interior muralia multi- 
plica. 


Liver tumors transplanted 
bits’ anterior eye chambers have devel- 
oped into typical, intestinal villi with 
striated border epithelium and_ 
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both cases the malignant liver cells 
have gone quite different route; but 
they have formed typical entodermal 
structures which are easily recognizable. 


There are liver tumors which por- 
tion the muralium simplex becomes 
adrenocortical blastema and produces 
large body which would identified 
any histologist without hesitation 
adrenal cortex were not within the 
liver and the direct transformation 
typical liver into this tumor 
were not obvious. contains all three 
zones typical arrangement (15). 


hepatocarcinoma globosum, one en- 
counters oblong, crooked and branched 
lumina surrounded tall columnar cells. 
The nuclei these cells are adjacent 
the lumen (11). Such arrangement 
nuclei around closed lumen, 
known occur anywhere but the 
typus clausofollicularis some human 
adrenal 


Some liver tumors contain large cell 
masses which histologically cannot 
distinguished from corpora lutea (16) 
menstruation. 


One the most striking liver tumors 
was one containing luteoid cell masses. 
this tumor extremely large, spher- 
ical cell with spherical nucleus and 
conspicuous nucleus was found. This 
cell resembled every respect almost 
mature oocyte (17). the same tumor all 


stages transition from typical liver 
cells typical eggs could seen. The 
transitions consisted general enlarge- 
ment the entire cell, its nucleus and 
its nucleolus. 


The adrenoid and ovaroid hepatocar- 
cinomata can explained because con- 
siderable part the human liver derives 
from the mesothelium which also the 
source the adrenal cortex and the 
ovary. 


Thus can see that primary liver 
cancer cells though having large degree 
tions, always remain morphologically 
faithful their own two germ layers and 
most cases, the liver vertebrates: 
The liver-like liver tumors are not only 
more frequent than thyroid, adrenoid, 
enteroid and ovaroid tumors, but they 
appear more important from the 
standpoint evolution. 


-They demonstrate that all vertebrates 
are very closely related, that one verte- 
brate has within itself morphogenetic 
potentialities almost all other verte- 
brates. 


appears that the morphogenetic 
homologues human primary liver cell 
cancer are one the strongest pieces 
evidence our close affinity and 
ship and descendence from lower ver- 
tebrates. 
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Introduction 


For understanding the funda- 
mental actions digitalis, complete 


understanding two important proc- 
esses necessary: first, the elaborate 
mechanisms for the formation, storage, 
and utilization energy must known; 
and second, the basic processes mus- 
cular contraction must clearly under- 
stood. Since the ultimate details both 
these processes are still not entirely 
clear would seem, priori, that the 
details the mechanism action digi- 
talis would also obscure. Such the 
case. However, vast amount worth- 


Professor, Department Physiology 
and Pharmacology, The Chicago Medical School. 


The Quarterly 


Actions digitalis muscu- 
lar contraction 
Action digitalis muscle 
models 
vitro effects digitalis 
Ions 
Potassium 
Potassium the heart 
(1) Relation between potas- 
sium and digitalis 
(2) Relation between digi- 
talis and pctassium 
Potassium other tissues 
Summary digitalis-potas- 
sium relationship 
Calcium 
Sodium 
Acetylcholine and cholinesterase 
Electrical phenomena 
Toxic effects digitalis 
marks: What the fundamental 
action digitalis? 
IV. Bibliography 


while research has been published since 
the monumental review Wollenber- 
assemble this recent literature, and 
the intention the reviewer editorial- 
ize those occasions when appro- 
priate interpret the aggregate meaning 
the articles that will cited. 


Any extensive discussion digitalis 
must include aspects its therapeutic 
and toxic effects. this review, articles 
will cited that bear the former, and 
only those articles dealing with toxicity 
will cited when they contribute 
understanding the mechanism thera- 
peutic doses. 


The term “digitalis” used hereafter 
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will refer any material that has the 
action digitalis. Mention specific 
preparation will made only when re- 
quired. 


Two great bodies information must 
reconciled discussion the funda- 
mental actions digitalis. the one 
hand the vast volume information 
that establishes the fact that digitalis 
benefit certain types heart dis- 
that accomplishes this, least 
part, improving the strength the 
heart beat, and that its effects are re- 
flected improvement contraction 
the heart. the other hand the 
almost equally vast volume informa- 
tion, often conflicting, frequently difficult 
interpret and even more difficult 
apply any unified theory action, that 
deals with the way which digitalis 
exerts its beneficial effects. This review 
will assemble and attempt classify in- 
formation from the latter realm. 


Actions Digitalis 


Digitalis seems exert its greatest 
effects the hypodynamic heart. But, 
will shown detail, also exerts 
well defined effects one sort an- 
other, variety tissues the body: 
has certain effects skeletal muscle, 
especially ischemic muscle; affects 
respiration brain cortex and kidney; 
certain effects are demonstrable eryth- 
rocytes; and finally some effects can 
demonstrated mitochondria from 
variety cells. 


Localization digitalis. The first 
problem settled might the site 
localization digitalis: where dces 
the body and the Bine 
indicate that parenteral injection the 
rat results distribution digitalis 
various organs the body with the pos- 
sible exception the brain; they show 
that the heart does not accumulate digi- 
talis. Okita using digitalis from 
plants grown atmosphere contain- 
ing radioactive carbon carbon dioxide, 
show that the heart does not seem 
have any special affinity for the drug, 
and that the liver the site maximum 
destruction the material. Friedman 
show that digitoxin found 
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Glycogen 
Glucose 
Glucose PO, 
Acetyl coenzyme 
Oxaloacetate 
Cytoch 
Ht 0, ytochromes H,0+ 


Adenosine phosphates ATP 


ATP ADP 


Nerve Muscular Secretion 
Activity Contraction 
Figure 


Simple scheme carbohydrate metabolism. Sym- 
bols and abbreviations high energy phos- 
phate; energy PC, phosphocreatine; ADP, 
adenosine diphosphate; ATP, adenosine triphos- 
phate. 


largely the supernatant fluid after 
centrifugation cell homogenates, and 
only small amount found the mito- 
chondria; they hypothesize 
action digitoxin not enzyme 
systems are contained mito- 
chondria, but rather the contractile 
elements the cell. Harvey and 
investigate the intracellular distribution 
digitoxin made radioactive with 
and find that most concentrated 
the “debris,” less the 
nuclear and the mitochondrial frac- 
tions, and least concentrated the 
aqueous fraction. 


From these reports would seem that 
the heart has particular affinity for 
digitalis, and that digitalis not local- 
ized mitcchondria. 


Effects digitalis carbohydrate 
58, 59, 61, 66, 78, 80, 81,110, 117, 127, 128, 144, 148 indi- 
cate that digitalis increases respiration. 
contend that decreases res- 
piration and jndicate that 
digitalis modifies the respiratory quotient. 
Apparently digitalis has scme effect 
metabolism, 


Review carbohydrate metabolism. 
For the purpose this article, highly 
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scheme carbohydrate me- 
tabolism presented (Fig. 1). 


Anaerobic glycolysis may regarded 
the conversion glycogen pyruv- 
ate. Although some high energy phos- 
phate required for the formation 
glucose phosphate, the net result the 
formation high energy phcsphate. The 
high energy phosphate stored ade- 
nosine triphosphate (ATP). 


Under anaerobic conditions, the pyruv- 
ate may converted lactate. Then, 
under aerobic conditions, the lactate may 
converted back glycogen, may 
re-converted pyruvate. Pyruvate 
converted, under aerobic conditions, 
acetyl coenzyme-A, and it, plus oxaloace- 
tate, converted oxaloacetate and 
hydrogen ions. These hydrogen ions and 
oxygen are converted water the 
cytochromes, with the liberation en- 
ergy (e); this energy makes possible the 
synthesis ATP from various adenosine 
and creatine phosphates. 


When ATP decomposed with the 
liberation the terminal high energy 
phosphate, energy released, which can 
motivate muscle contraction, nerve trans- 
mission, secretion, and various other 
activities. 


#8. are presented which 
review the general aspects this com- 
plex problem. 


Action digitalis. Numerous obser- 
vations have been reccrded that deal with 
the possible sites action digitalis 
the scheme given above. 


Effects First, and possibly 
basic importance, are various reports 
relating oxygen and anoxia the re- 
sponse digitalis. Lundin and 
point out the essential need oxygen for 
restoration the hypodynamic heart 
toward the normal, with strophanthin. 
Meier and Tripod® contend that full satu- 
ration perfusion fluid with oxygen 
necessary for maximum effects small 
doses strophanthin. 


Anaerobic glycolysis and aerobic 
oxidation. 
ouabain caused increased formation 
from labeled glucose, although attended 
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reduced glucose uptake and reduced 
glycolysis. Furthermore, there was 
increase uptake labeled lactate and 
increase respiration the presence 
the latter. Hisada and 
show that although k-strophanthin caused 
great increase respiration, glucose 
was not necessary for increase. 
using guinea pig muscle, indi- 
cates that ouabain concentraticn 
10-6 caused increased production 
pyruvate with decrease glycogen, 
glucose-1-phosphate and lactate. higher 
concentrations, ouabain caused increased 
production lactate and decrease 
pyruvate. found similar results 
with red blood cells, and hypothesizes 
that the action digitalis enzyme 
systems, where may act H-ion 
carrier. But shows that 
aerobic phosphorylation was not affected 
show that ouabain increased respiration 
cat heart slices but failed affect 
oxidative phosphorylative capacity 
mitcchondrial preparations, 
cludes that “the effects ouabain 
intact heart cells are mediated some 
other means than direct action upon 
oxidative enzymes” (p. 280). Reiter and 
found that digitalis prepara- 
tions had effect anaercbic glyco- 
lysis heart slices, oxidation lactic 
and acetic acid heart sections and 
homogenates, oxidative 
phosphoglyceraldehyde acid 
with purified enzyme systems. 


Helmreich® and indicate that 
digitalis preparations have effect 
the cytochrome cytochrome oxidases. 


Parenthetically, Burdette! found that 
human heart muscle did nct convert digi- 
toxin labeled with radioactive 
indicating that digitoxin acts cata- 
lytically. 


summary this section, appears 
that digitalis may affect the overall re- 
sults carbohydrate metabolism, but not 
via specific enzyme systems. 


Source energy. using the 
heart, shows that glycolysis 
blocked iodoacetate (leaving aerobic 
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oxidation intact) ouabain still produces 
positive inotropic effect. aerobic oxi- 
dation blocked with fluoroacetate 
anoxia (leaving anaerobic glycolysis in- 
tact) ouabain still can produce positive 
inotropic effect, but formation high 
energy phosphates blocked dinitro- 
phenol (even and 
aerobic oxidation remain intact) ouabain 
now does not produce positive inotropic 
effect. other words, formation 
high energy phosphates possible from 
any available energy source, ouabain can 
produce positive inotropic effect. These 
experiments are representative many 
which indicate the importance high 
energy phosphate metabolism for digi- 
talis effect. 


Phosphorylation. Since phosphory- 
lation with the resultant formation 
high energy phosphates seems 
end product metabolic activity, 
seems plausible that the activity the 
quantity the components involved 
phosphorylation might vary under cer- 
tain conditions such failure, 
anoxia, abnormalities carbyhydrate 
metabolism, ete. 


produced failure with 
preparation, and reports increase 
phosphocreatine but change ATP. 
using 
methods, found that papillary muscle 
strips made hypodynamic with anoxia, 
there was decrease both phosphocre- 
atine and ATP, and muscles becoming 
hypodynamic spontaneously there was 
change phosphocreatine but 
crease ATP which could restored 
toward normal with ouabain. Rebar, 
Rebar and produced failure 
the right ventricle dog heart, and 
report significant decrease ATP 
that organ and restoration ATP 
toward normal digitoxin. 
shows that hearts stopped being made 
anoxic could contract temporarily when 
ATP was added, and Lichtneckert and 
restored hearts made hypody- 
namic with quinidine adding ATP. 


Digitalis itself may have some effect 
phosphorylaticn. 
cates that there change phospho- 
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creatine when digitalis preparations are 
given doses causing positive inotropic 
effects but there depletion phos- 
phocreatine when digitalis preparations 
are given doses causing toxic effects. 
reports that ouabain does not 
affect phosphocreatine; reports 
change phosphocreatine but de- 
crease ATP with ouabain. 
gave digitoxin rats for three days 
doses that produced toxic effects, and 
reports that the treatment did not alter 
the phosphocreatine the ATP content 
active phosphorus, discovered that the 
heart, digitoxin sub-toxic 
creased phosphorus metabolism and 
toxic doses had effect. the liver, 
digitoxin sub-toxic doses had effect 
phosphorus metabolism but toxic doses 
decreased it. 


Skeletal muscle. Certain parenthe- 
tical remarks might appropriate 
this point pertaining skeletal muscle. 
Clinically, digitalis has very 
little effect normal hearts. Digitalis 
also has little effect skeletal 
However, when skeletal muscle made 
ischemic (Pardo, del Pozo 
digitalis increases the strength its con- 
tractions. this reviewer’s knowledge, 
are available for skeletal muscle. 
easy hypothesize that anoxia skele- 
tal muscle produces changes comparable 
those occurring failure cardiac 
muscle, possibly comparable those 
changes the various phosphates noted 
This might render skeletal 
muscle susceptible the action digi- 
talis. 


summarize the evidence dealing 
with phosphate metabolism; appears 
most likely that various hypodynamic 
conditions are accompanied alteration 
the levels various phosphates, par- 
ticularly ATP, that these changes may 
restored toward normal proper doses 
digitalis, but that some cases, usual- 
within the toxic dosage range, digi- 
talis itself may affect various phosphates. 


Methods action digitalis. The 
next question that must resclved 
this: How does digitalis produce changes 
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phosphates? Kimura and 
present table showing that digitoxin 
inhibits the ATP-ase activity rat heart 
muscle. Proctor, Rebar 
show that digitoxin can inhibit both 
ATP-ase and ATP-deaminase heart 
muscle. Now myosin, according Engel- 
hardt and can act 
splitting off the terminal phos- 
phate, and, according Banga and Jose- 
off the 6-amino group adenosine. En- 
gelhardt®! agrees, and adds that myosin 
complex two proteins, one, asso- 
ciated with ATP-ase activity, which com- 
bines with actin; the other, associated 
with ATP-deaminase activity, which does 
not combine with actin. Hermann and 
had previously showed that 
actin-free myosin was capable deami- 
nating adenylic acid. Edman?! describes 
some the properties myosin-ATP-ase 
and displays experiments showing that 
g-strophanthin inhibits this ATP-ase. 
contends that digitalis en- 
hances the activity ATP heart mus- 
cle homogenates, probably inhibiting 
the ATP-ase. 


Since the ATP-ase activity myosin 
linked the presence free-SH 
the work Bertelli and Mus- 
sini? pertinent since they show that 
strophanthin decreases the quantity 
these groups heart 


Proctor, Rebar and reveal that 
digitoxin capable forming peroxide 
with dissolved oxygen and that the perox- 
ide stronger inhibitor ATP-ase 
than digitcxin itself. 


These results appear agreement 
field research where agreement 
not the rule. They indicate that digitalis 
may serve inhibitor various 
ATP-ases, that ATP, where de- 
ficient (Chen and 
could preserved. 


certain additional results 
have been described. shows that 
ouabain may stimulate 
may inhibit ATP-ase muscle ex- 
tract both water soluble and 
myosin-bound ATP-ase. Helmreich and 
show that the effect k-stroph- 
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anthoside slight. This state 
conflict seems resolved Read and 
who show that digcxin en- 
hances the action myokinase (which 
might have been complicating impurity 
some the work cited previously) and 
may also suppress the myokinase inhibi- 
tion 


Thus, according the conditions that 
prevail, such the method extracting 
the muscle preparations, digitalis can 
effect, either inhibit facilitate the in- 
activation 


summarize this pcint, seems 
that digitalis preparations can preserve 
ATP, especially hypodynamic hearts, 
probably inactivation various ATP- 


These results are compatible with many 
other observations which show that 
long energy available for phos- 
phorylation, digitalis will exert positive 
inotropic effect, but that phosphoryla- 
tion blocked, digitalis will longer 
have positive inotropic effect 
Other reports have indirect bearing 
this hypothesis. using metabolic 
poisons cat heart muscle while simul- 
taneously measuring contraction and 
oxygen consumption, shows that iodoace- 
tate, which blocks glycolysis, did not 
alter oxygen uptake but reduced con- 
traction. Fluoroacetate, which blocks 
aerobic oxidation, reduced oxygen 
uptake and contraction, whereas dinitro- 
phenol, which 
increased oxygen uptake but reduced con- 
traction. shows that epinephrine 
produced positive inotropic effect after 
iodoacetate and fluoroacetate but not 
after dinitrophenol, again pointing out 
the importance source energy and 
phosphorylation for muscular contrac- 
tion. Lundin and show that hy- 
podynamic hearts may restored to- 
ward normal strophanthin, except 
when made hypodynamic anoxia. 
147, asserts that the failing heart there 
exists impairment utilization 
high energy phosphates and that digitalis 
improves such utilization. 
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agents. Certain interesting problems 
cardiac physiology are posed observa- 
tions the action 
agents, such dinitrophenol. “Uncoup- 
ling” agents are materials which 
dissociate phosphorylation and oxidation, 
and general, inhibit phosphcrylation 
while promoting oxidation. 


Digitalis not “uncoupling” agent 
per when used with mitochondrial 
well established that dinitrcphenol 
(DNP) produces contracture skeletal 
muscle accompanied decrease 
phosphocreatine and Hunter® be- 
lieves that DNP activates ATP-ase and 
thus reverses the reactions involved 
ATP formation. shows that 
mitcchondria, digitalis potentiates the un- 
coupling action DNP. Rothlin 
find that digitalis preparation exerts 
cardiotonic effect after moderate DNP 
poisoning, but not after severe DNP pois- 
oning. Wollenberger and indi- 
cate the ouabain and DNP individually 
did not affect the ATP content guinea- 
pig hearts but that together, they reduced 
the ATP content half the control 
level. 


will readily appreciated that the 
nature the relationship between the 
actions DNP and digitalis awaits clar- 
ification. 


Effects digitalis oxygen con- 
sumption. perusal the literature 
pertaining the present topic, many 
articles are found dealing with the oxy- 
gen consumption the heart and other 
tissues under the influence digitalis. 
The interpretation the results such 
experiments frequently difficult, since 
changes the rate oxygen consump- 
tion are not necessarily specific, but may 
due wide variety known and 
indeterminable number unknown 
factors. 


the heart. and 
present evidence 
showing that ouabain (2x10-7 Molar) pro- 
duced increase the oxygen consump- 
ticn heart slices and higher concen- 
trations (10-6 10-7 there was 
increase followed decrease. Finkel- 
obtained similar results with 
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different 
Quite similar results were also obtained 
Rothlin and who, addi- 
tion, show that hearts from rats given 
0.02-0.05% the (approximately the 
therapeutic dose) digitalis preparations 
exhibited elevated oxygen consump- 
tion. Fischer demonstrated 
increased oxygen consumption heart 
slices. shows that the oxygen 
consumption human heart slices was 
increased lanatoside Ransom and 
show that the concentration 
ouabain increased, the oxygen con- 
sumption rat heart auricle under ten- 
sion, increased, with maximum about 
tus original design, shows that ouabain 
increased oxygen consumption cat 
papillary muscle, but only after latent 
period and time when contracture 
and various arrhythmias developed. Hisa- 
and Nakashima®!, Hermann and 
report increased oxygen con- 
sumption with variety conditions 
after administration various digitalis 
preparations. 


But Helmreich and report that 
k-strophanthin, vitro and vivo, re- 
duced the oxygen consumption heart 
muscle. indicates that both con- 
tractile energy and oxygen consumption 
decreased with time and 
anthin prevented the latter. 
shows that strophanthin increased carbon 
dioxide production and thus raised the 
respiratory quotient, and Levinson and 
show that the oxygen consump- 
tion non-contracting muscle was not 
altered digitoxin. 


Some reports indicate that the increase 
oxygen ccnsumption occurred with 
toxic doses digitalis. 
gave ouabain intravenously dogs, ex- 
cised the hearts the time onset 
extrasystoles, and found that the oxygen 
consumption such hearts was higher 
than that normal hearts. Smith 
the embryonic chick heart 
the cartesian diver, found appre- 
ciable increase oxygen consumption, 
but only concentrations that pro- 
duced some degree arrhythmia. 


Other tissues. The increase oxy- 
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gen consumption produced digitalis 
not confined the heart. 
and Wollenberger and show 
that ouabain increased the oxygen con- 
sumption brain cortex. shows 
that strophanthin the proper concen- 
tration produced increase oxygen 
ccnsumption kidney slices and mashes, 
but not homogenates. Recently, mito- 
preparations have become 
available 
Langemann and obtained in- 
crease oxygen consumpticn adding 
ouabain cat heart slices, but in- 
crease adding ouabain mitochon- 
drial preparations. the 
other hand, found that in- 
creased oxygen consumption mito- 
chondria from liver, and sarcosomal 
material insufficient hearts, but 
that produced increase with 
material from normal hearts. 


Accounting for the variation observed 
the response tissue oygen consump- 
tion digitalis largely speculative. 
evidence might aid explain- 
ing the variance observations. Clark 
and long ago. showed that the 
oxygen consumption the heart pro- 
indicetes that muscular contraction and 
oxygen consumption under the influence 
epinephrine are parallel. Furthermore, 
digitoxin did not affect the oxygen 
sumpticn non-contracting 
Although the oxy- 
gen consumption heart muscle under 
tension, did not alter the oxygen con- 
sumption hearts not under tensicn; 
increased the oxygen 
consumption but only simultaneous with 
then, assign important rcle 
fecting oxygen consumption. the de- 
gree muscular contraction, contracture, 
activity. addition, mentioned 
previcusly, poisoning various metabolic 
pathways, even with simple (and ubiqui- 
tous) may interfere with the 
mechanical metabolic response 
heart muscle digitalis. quite likely 
that the respiratory response digitalis 
may depend the integrity efficient 
metabolic pathways. 


Meaning the increased oxygen 
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(globular) (fibrous) 


(weak ATP-ase) 
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F-Actin Myosin-ATP F-Actomyosin-ATP 
(strong ATP-ase) 


ATP 


F-Actomyosin-ATP-R F-Actomyosin-ATP-C 
(relaxed) (contracted) 


Transphosphor ylases 
Myokinase 


ATP 


PC, AA, AMP, 


Figure 


Simple scheme for muscular contraction. Symbols 
and abbreviations are the same Fig. and 
addition: AA, adenylic acid; AMP, adenosine 
monophosphate. 


consumption. The meaning the in- 
crease consumption induced 
digitalis also highly speculative. 
The increase might represent increase 
permeability the cell membrane 
substrates suggests. 
Or, the increase might 
improved oxidation possible result 
improved phosphate metabolism. Or, 
some cases, least, might represent 
the result increased ability the 
muscle contract. Further experimen- 
tation seems justified. 


Muscular contraction. basic and 
undeniable property digitalis that 
exerts effect contraction muscle. 


Review muscle contraction. 
attempt present complete scheme 
muscle contraction review this 
nature would absurd, view the 
welter polemics this field. There- 
fore simplified scheme 
(Fig. that answers most the re- 
quirements 
muscle contractions and relaxaticns. The 
saying that “Many arguments generate 
more heat than certainly applies 
muscle contraction more ways than 
thermodynamically. The reader urged 
and form opinicns for 
himself. 

the resting muscle (see Fig. 
(globular actin) organized into 
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F-actin (fibrous actin) under the influ- 
ence ATP, magnesium ions and potas- 
sium Also resting muscle, 
myosin organized with form 
complex that only weak 
Magnesium ions reduce the ATP-ase 
activity this complex. addition, 
the resting muscle the potassium ion con- 
centration held higher level than 
the exterior, the so-called 
sium pump” descriptive name void 
all implications its mechanism 
action). And finally, the resting mus- 
cle, various enzymes, such myokinase 
and least two transphosphorylases, aid 
maintaining optimum quantity 
ATP. 


When stimulus, such electric 
current, injury, normal stimulus 
from nerve pacemaker reaches the 
muscle, the following may expected 
take place: The selective permeability 
the membrane (another non-implicat- 
ing name phenomenon having the 
same function the “potassium pump”) 
might momentarily disappear, and pctas- 
sium would leak out the 121, 


the decrease the potassium ion would 
favor the reaction between actin and 


myosin forming actomyosin; the mag- 
nesium ion would now reverse its effects 
and would enhance the activity 
the newly formed actomyosin-ATP 
complex. This might expected 
break down ATP (see release 
energy (see which would alter the 
actomyosin itself, into shortened form. 


ATP serves yet another purpose 
when ATP present, 
actomyosin plastic. When ATP ab- 
sent, actomyosin becomes stiff and rigid 
contracture resulting from 
rigor mortis, and the contracture 
excess muscular fatigue. 


The entire process contraction can 
regarded process which one 
reaction (conjugation actin with myo- 
sin), under the influence lowered 
potassium content, not only produces the 
contractile element actomyosin, but also 
endows that same element with the abil- 
ity release, from ATP, the energy for 
its own contraction. 
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Relaxation may regarded re- 
versal the above which, 
under increased potassium content, 
contracted actomyosin relaxed dis- 
sipation the energy that had been 
produced, and its ATP- 
ase activity and its contractile powers 
are lost its dissociation into actin and 
myosin. 


Some that the 
energy from the breakdown ATP oc- 
curs during relaxation. 


Action digitalis muscular con- 


traction. Digitalis has some effect 
several the steps described above. 
Horvath, Kiraly and indicate that 
digitalis polymerized actin from dog 
hearts but not from dog skeletal muscle. 
Snellman and point out that 
digitalis inactivated deaminase, thus 
allowing ATP polymerize actin. 
indicates that the presence 
calcium, digitalis enhanced the contrac- 
tion induced ATP glycerine ex- 
tracted muscle fibers and beef heart 
extracts?4, 


Action digitalis muscle models. 
The preparation actin, myosin, acto- 
myosin, and other materials involved 
muscular contraction, relatively pure 
form, now seems matter ccok-book 
that digitoxin enhanced the contraction 
actomyosin threads induced ATP. 
describes some the properties 
such contraction, and that 
digitoxin increased the degree and rate 
shortening myosin (actomyosin) 
threads from skeletal muscle, and con- 
cludes that “since carbohydrate me- 
tabolism known occur myosin 
threads, digitoxin must produce its effect 
altering the contractile proteins the 
union between ATP and myosin.” 


The logical result efforts 
cipitated actomyosin the work 
who describes method for pro- 
ducing films actomyosin having suffi- 
cient strength for mechanical experimen- 
tation. Robb and using such 
films, demonstrate that ouabain increased 
the speed shortening well the 
degree shortening various tensions, 
when ATP was added. 
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The precise meaning these unequivo- 
cal results must await further experimen- 
tation; they fit nicely into the hypcthesis 
that digitalis functions inhibitor 


vitro effects digitalis. New 
approaches vitro effects digitalis 
muscle contraction have recently ap- 
peared. The work has already 
been mentioned: digitalis produced con- 
tracture papillary muscle concurrent 
with increased metabolism and appear- 
ance arrhythmias. indi- 
cates that digitalis, among cther factors, 
favored development tetanus and sum- 
mation frog hearts. Luisada and 
show that ouabain shortened the 
resting length cardiac fibers and de- 
creased the height their contracticns. 
Matsuoka and using strips 
muscle from produced 
hypodynamic conditions rapid stimu- 
lation, and were then able restore the 
strips toward normal for time, with 
ouabain. 


Hajdu and Szent and 
show that digitalis eliminated 
“treppe.” 


These experiments, the aggregate, 
could interpreted mean that digi- 
talis, intact hearts, muscle strips, 
extracted muscles, and muscle models, 
facilitates contraction, favcrs contracture, 
eliminates and possibly inhibits 
relaxation. 


Jons. Since the days 
the role ions cardiac function has 
been subject considerable 
more recent years, development 
techniques for the quantitative meas- 
urement ions has led new advances 
this field. Fortunately, the relation 
ions and the actions digitalis 
has been explored with considerable suc- 
cess. 


Potassium. the common ions, 
potassium has received most attention. 


Potassium the heart. Potassium 
exerts influence on, and influenced 
the action digitalis many tissues. 
The heart one. 
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(1) Relation between potassium and 
digitalis. The effect potassium the 
action digitalis seems 
for example, shows that 
increase potassium ion increased 
the severity digitalis intoxication var- 
ied inversely with the potassium concen- 
tration various body fluids. Page and 
show that decreasing the serum 
calcium increasing the serum pctas- 
sium reduced arrhythmias due oua- 
bain. 


(2) Relation between digitalis and po- 
tassium. The effects digitalis potas- 
sium ion concentration 
recent attention. that 
strophanthin, rats, increased the urine 
volume, the excretion sodium, the ex- 
cretion potassium, that increased 
serum potassium, decreased 
dium, decreased muscle potassium and 
increased muscle sodium. Aikawa and 
Rhoades! show given 
chronically single dose, reduced 
tissue potassium. indicates that 
the height contraction and the release 
potassium were parallel, that pctas- 
sium was released during contraction and 
re-entered the cell during rest, and that 
digitalis prevented the re-entry potas- 
sium into the cell. Holland and 
show that lanatoside caused 
potassium from the hearts guinea 
pigs, which was proportional the potas- 
sium concentration the external fluid. 
Holland and conclude that “drugs 
that modify the functional state 
affect rather profoundly the 
permeability the intact cell and 
ions” (p. 489). Among such drugs 
ouabain, which causes loss potassium. 
furnishes elaborate proof the 
thesis that the “major action digitalis 
the partial inhibition potassium 
transfer into the myocardial cell” (p. 
548). presents neat graphs 
proving that intracellular potassium 
exists two compartments which ex- 
change different rates. 
hibits entrance into the cell that potas- 
sium exchanging the slower rate. 
Schatzmann and show that stroph- 
anthin caused net loss potassium 
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from the cell, resulting from interference 
with the sodium-potassium pump and 
with potassium outflow during the falling 
phase the action potential. 


the other hand, Gertler were 
unable demonstrate that digitoxin pro- 
duced any significant alteration the 
potassium content rabbit hearts. 


Potassium other tissues. Wollen- 
berger and show that strophan- 
thin caused 100% inhibition potassium 
uptake brain slices. Kahn 
and all show that 
digitalis inhibited the transport potas- 
sium into erythrocytes. shows 
that ouabain and strophanthidin (which 
have cardiac actions) inhibited the net 
transport potassium into frog sartorius 
muscle; the other hand, dihydrostroph- 
anthidin (which has only very weak 
action) did not inhibit potassium 
transport. This interpreted indicate 
that potassium transport fundamental 
digitalis activity. 


lationship. this point the reader’s at- 


tention should again focused phe- 
nomenon discussed previously: 
phenomencn which “every con- 
traction leaves behind more favorable 
condition that has (p. 167), 


and treppe disappears (or the most 
favorable condition reached) when po- 
coincidence more than coincidence that 
digitalis has many the effects that are 
produced loss potassium and that 
digitalis causes loss potassium? 


interesting aside this point 
brought out the report Manery 
who show that insulin and lactate 
increased both oxygen consumption and 
potassium uptake frog skeletal muscle. 
This could interpreted support 
the contention that potassium uptake 
related conditions metabolism, such 
oxidation within the cell. 


The digitalis-potassium relationship can 
summarized follows: First, increas- 
ing the concentration potassium de- 
creases the toxicity digitalis. Second, 
potassium moves from the cell during 
cellular activity and restored the 
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cell during cellular quiescence. Third, 
digitalis causes loss potassium from 
the cell, 


9 


mutual relationship be- 
tween digitalis and calcium exists. 
vey and show that deviation 
calcium from certain normal concentra- 
tion tended shift digitoxin from the 
particulate and cellular fractions 
ous fractions cellular homogenates. 
Salter using the frog heart, show 
that the contraction suppressed 
lack may restored with 
digitalis. presents similar 
finding and concludes that the prime ac- 
tion digitalis ion transport, par- 
ticularly calcium, actomyosin. Ed- 
using glycerine extracted muscle 
fibers, shows that the contraction result- 
ting from ATP could increased cal- 
cium were present. Matsuoka and Saun- 
report that calcium can both in- 
crease and decrease the positive inotropic 
effect ouabain, depending upon its 
concentration. 
dicates that the inotropic effect stroph- 
anthus intensified calcium. 


states that calcium 
lost from the cells the frog heert and 
that digitalis reduces this 
cantly. 

Sodium. and John- 
note that digitalis inhibited the net 
movement sodium from the cell. 
would also seem, from these authors’ re- 
ports, that the movements sodium are 
principally reflection the movements 
potassium under the influence digi- 
talis. 


Acetylcholine and cholinesterase. 
clinical usage, one the most commonly 
noted effects digitalis therapy 
slowing the heart rate. This may well 
reflex nature, due possibly low- 
ered venous pressure. Many accounts ap- 
pear the literature attributing anti- 
cholinesterase properties 
indicates that digitalis did not 
affect the cholinesterase activity the 
medulla, and Konzett and say 
that digitalis had direct effect the 
cervical ganglion the cat but did poten- 
tiate acetylcholine. mentions 
that ouabain potentiated the effects 


The Quarterly 


eserine. Holland al® show that lan- 


atoside seemed decrease cholinester- 


ase activity but was dependent potas- 
sium 
Proctor and hypothesize that 
digitoxin inhibits acetylcholinesterase. 
finds that inhibition cholines- 
terase various digitalis preparaticns 
existed but was too weak account for 
the effects that are observed the heart. 
finds much more cholines- 
terase the auricle than the ventricle, 
that cholinesterase was blocked digi- 
talis large sub-toxic doses, and that 
the digitalis blockage was enhanced 
removing the liver from circulation. 


contends that strophan- 
thin did not increase the activity 
cholinesterase but did increase the syn- 
thesis acetylcholine. contrast, lan- 
atoside increased both activity cho- 
linesterase and the synthesis acetyl- 
choline. Danielopolu?! proposes sweep- 
ing theory that the action digitalis 
and adrenolytic agents. 


Electrical phenomena. Woodbury 
and maintain that various digi- 
talis preparations had effect the 
membrane resting potential and action 
current, but shortened the time on- 
set recovery, all without affecting me- 
chanical activity. Stutz and also 
indicate that Cedilanid decreased and 
shortened the action current, effect 
which could also produced water 
extraction. These investigators conclude 
that “the similarity between the effects 
water extraction and that Cedilanid 
possibly the result electrolyte changes 
which occur under both conditions” (p. 
563), that is, loss potassium 
potassium and sodium. 


tioned the introduction, only those 
papers which contribute 
standing the action digitalis will 
included this review. 


addition the authors previously 
Garb and main- 
tain that varying the potassium concen- 
tration over wide range did not affect 
the inotropic response ouabain, but 
the higher concentrations, delayed re- 
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duced the onset arrhythmias produced 
ouabain. They conclude that potas- 
sium concentration was consequence 
only producing digitalis toxicity. 


Smith and find that the toxic 
effects ouabain could exaggerated 
prostigmine and acetylcholine and 
decreased trifle atropine, but these 
drugs did not alter the increased oxygen 
consumption provoked ouabain. 


The relation insulin the toxicity 
cardiac glycosides has been investi- 
gated. Keyl and using the 
embryonic chick heart test material, 
show that the toxicity digitalis was in- 
creased insulin and also increasing 
the age the embryo. Presumably the 
critical factor with regard age was 
the development functional pancreas. 
Travis, Keyl and find that 
normal dogs, and normal dogs made 
hyperglycemic with glucose, were more 
sensitive k-strophanthin than depan- 
createctomized dogs. They believe that 
“insulin facilitates the transport gly- 
cosides (p. 150). 


Summarizing and Concluding 
Remarks 


What the fundamental action 


digitalis? 


not customary for the reviewer draw 
any conclusions attempt thumb- 
nail-type summary, probably because 
assumed that the entire article 
concise summary from which every un- 
necessary word has been deleted the 
author, staff, the ever-vigilant 
editors. 


The present reviewer suffers such 


qualms. His only deterrent that 
summary this paper would have 
take the form theory the action 
digitalis, subject already suffering 
from plethora theories (see 
for unique theory that could not 
fitted into any previous category). 


Therefore, may assumed that the 
following points have been established 
the efforts almost countless scien- 
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tists.* First, energy from some metabolic 
source must available digitalis 
work. Second, the formation and break- 
down ATP must occur required. 
Third, the components muscular con- 
traction must intact and functional. 
Fourth, the “potassium-sodium pump” 
must functional. 


these conditions exist, the stage 
set for the action digitalis. hypo- 
thesized, then, that digitalis exerts its 
effects the following manner: First, 
abets the loss potassium from the 
cell that occurs normally during mus- 
cular contraction. Second, the loss 
potassium allows the formation 
actomyosin-ATP complex, normal 
muscular contraction; the actomyosin- 
ATP complex then catalytically releases 
energy which harvests for its own con- 
traction. The effect digitalis this 
step nothing more than exaggera- 
tion the normal process muscular 
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PHYSIOLOGIC MEDIATION PSYCHIC STIMULI 
DIABETES MELLITUS 


PIERO FOA, M.D., Ph.D.** 


The maintenance normal somatic 
and functions requires the 
reception and integration sensory 
stimuli, their intellectual and emotional 
evaluation and their transformation into 
movement secretory activity. Thus the 
“mind” becomes integral part ho- 
meostasis and plays important role 
the pathogenesis disease. The nature 
becoming more result varied 
and intensive investigations, some 
which date early the seventeenth 
century, when Thomas Willis, describing 
the sweet taste diabetic urine, said that 
the disease was due “prolonged sor- 
row.” 


One type investigation concerned 
with the study personality patterns 
diabetes. According Dunbar!, for in- 
stance, the diabetic patient suffers from 
conflict between hatred and submission 
parental figures and from inadequate 
sexual adjustment. This interesting hy- 
pothesis, illustrated selected case his- 
tories, based “proof examples” 
which cannot considered conclusive 
and could not confirmed recent 
study Kubany, Danowski and Moses?. 
These authors, although recognizing that 
“diabetes mellitus produces many psycho- 
logic problems which may result ab- 
normal behavior .”3, were unable 
find any intelligence personality pat- 
tern characteristic the diabetic patient. 


Anxiety, fear and other psychologic 
problems, due the awareness chronic 
disease, not only may create obstacles 
the path therapy and indirectly affect 
the disease but may influence its 
basic pathogenesis, resulting mutual 
interplay disease and emotional state 
which has been called the “psychobio- 
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logic Hinkle and Welf? 
studied the marked effects experiment- 
ally induced emotional trauma and 
stressful life situations the course 
diabetes. These authors observed that 
metabolic pattern characterized de- 
creased carbohydrate tolerance and ke- 
tosis, occurs prolonged fasting and 
suggest the interesting hypothesis that 
diabetes mellitus may the result 
inappropriate adaptive mechanisms 
symbolic starvation, such real imag- 
inary loss affection and emotional sup- 
port threats the patient’s security. 
striking example the relationship 
anxiety diabetes that patient 
suffering from repeated episodes emo- 
tionally induced diabetic coma. 


Another line investigation. based 
the classic observations Pavlov, 
Cannon and Selye, concerned with the 
anatomic and physiologic links which 
translate psychologic stimuli into somatic 
effects. 


This review will 
some the most recent contributicns 
this aspect the problem and discuss the 
thesis that diabetes mellitus is, least 
part, disorder adaptation emo- 
tional physical stimuli, pcssibly orig- 
inating the neocortex carried the 
neocortex afferent pathways. 
ing this hypothesis these stimuli would 
descend from the neocortex the philo- 
genetically older limbic system and from 
this the hypothalamus, the pituitary 
and other effector organs via nervous 
humoral transmission. Thus fright, emo- 
tional upheavals, distressing memories, 
physical insults, would cause autono- 
mic responses (pallor, blushing, sweat- 
ing, elevation blood pressure, syncope, 
tachycardia, 
spasm) endocrine disturbances, such 
changes diuresis and ovulatory 
cycle, dysmenorrhea, hyperfunction 
thyroid and adrenal cortex, increased se- 
cretion epinephrine, hyperglycemia 
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and glycosuria. turn, these autonomic 
and endocrine responses may source 
anxiety? and physical stress and 
vicious cycle may become established. 


The Nervous Pathways the 
Hypothalamus and the Hypothalamo- 
Endocrine Interrelationships. 


According some the 
major pathways through which environ- 
mental and psychic stimuli may reach 
the hypothalamus derive from: the 
hippocampus, the piriform lobe, the 
cingular gyrus, anterior insular and or- 
bito-frontal cortex, the amygdala and 
the globus pallidus. 


The first four these structures are 
part limbic system!2 
which, receiving neo-cortical afferents, 
may function bridge between neo- 
cortex and hypothalamus through which 
emotional stimuli may activate the endo- 
crine system. addition, the hypotha- 
lamus gives rise hypothalamo-cortical 
pathways, providing the anatomical basis 
for reverberating circuits and feed-back 
mechanisms. From the hypothalamus 


stimuli may reach the periphery either 
through the autonomic nervous system 
through the endocrine glands. 


Evidence for direct effects the cen- 
tral nervous system 
activity the islets Langerhans and 
the regulation blood sugar levels 
has been discussed and, 
although the function the pancreatic 
innervation the adjustment blood 
sugar level appears accessory 
and not necessary one, the possibility 
that may cause temporary changes 
diabetes cannot denied priori. 
contrast with this uncertain role the 
nervous system the regulation the 
endocrine functions the pancreas, emo- 
tional somatic stimuli carried the 
splanchnic nerves the adrenal medulla 
cause increase secretory activity 
resulting hyperglycemia and, some- 
times, The great sensitivity 
this mechanism indicated the re- 
cent observation that the relatively minor 
stress awakening from normal sleep 
may cause 40% increase the adren- 
alin concentration venous 
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addition the pancreas and the 
medulla, the hypothalamus sends stimuli 
the anterior pituitary. Recent inves- 
tigations indicate that normal pathways 
between hypothalamus pituitary 
seem required for regulated secre- 
tion thyroid stimulating hormone 
(TSH) and for normal TSH response 
cold and addition there 
evidence the existence hypo- 
center centers controlling 
thyroid growth and ACTH 
The stimulation ACTH secretion 
physical mental stress well known 
phenomenon and has been confirmed re- 
cently studies adrenal steroids 
blood and 24, 


The function the central nervous 
system ACTH release demonstrated 
also the following observations: 
nous blood from the brain stressed 
hypophysectomixed rats 
penia normal mid-brain de- 
cerebration reduces the concentration 
aldosterone and hydrocortisone the 
adrenal reserpine, dience- 
phalic and injury the 
inhibit 
stress-induced ACTH secretion and 
stimulation the anterior hypothalamus 
man causes increased output 
adrenal 


There seems little doubt that the 
hypothalamus largely responsible for 
regulating the secretion follicle stimu- 
lating hormone (FSH) and luteotrophic 
hormone (LH) which may explain the 
effects courtship, sex display and other 
environmental, sensory and psychic fac- 
tors ovulation, the menstrual cycle and 
the activity the reproductive organs 
The mechanism this 
hypothalamic control the anterior lobe 
the pituitary has not been elucidated 
completely, though most investigators 
believe that depends upon humoral 
mediator reaching the gland via its por- 
tal 


This hypothesis based the follow- 
ing evidence: section the pituitary 
stalk causes reduction FSH, ACTH 
and TSH secretion, the regeneration 
the portal vessels 
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transplanted site where they become 
revascularized portal vessels, show 
normal activity; anterior pituitary 
glands transplanted elsewhere grow, but 
function reduced rate; tissue cul- 
tures anterior pituitary cease pro- 
duce ACTH aiter days incubation, 
but resumes its production fragments 
hypothalamic tissue hypothalamic 
extracts are The nature the 
hypothalamo-hypophyseal humoral me- 
diator debated; some 
suggest that might identical the 
posterior pituitary 
under number nervous and emo- 
tional the cells the supra- 
optic and paraventricular while 
believe that the 
hypothalamus secretes specific neuro- 
humoral transmitter (or transmitters). 


Evidence that the hypothalamus may 
contain centers regulating food consump- 
tion and body weight also 
and interest view the relation- 
ship between diabetes and obesity. 


Effects the Anterior Pituitary and 
its Target Glands Diabetes. 


The classic experiments Houssay 
and others have demonstrated that hypo- 
physectomy leads “amelioration” 
pancreatic diabetes, while the adminis- 
tration anterior pituitary extracts 
(APE) causes impairment glucose 
tolerance, increased 
and, sometimes, ketosis*. This disturb- 
ance may either temporary (idiohypo- 
physial diabetes) permanent (meta- 
hypophysial diabetes). 


Pituitary diabetes the normal ani- 
mal aggravation existing diabetes 
the alloxanized animal can 
tained also with purified pituitary hor- 
mones, such growth hormone (soma- 
totrophic hormone STH), adrenocor- 
ticotrophic hormone (ACTH) and pro- 
lactin. The mechanism action these 
hormones has been discussed extensively 
and not fully understood. 
STH may cause hyperglycemia in- 
juring the insulin-secreting cells 


extensive bibliography the reader 
referred two recent reviews (13, 38). 
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the islets Langerhans, stimulating 
glucagon secretion bringing about 
insulin-reversible inhibition glu- 
cose utilization. ACTH and the adrenal 
cortical hormones (ACH) may enhance 
the effects STH and glucagon in- 
hibit glucose uptake the tissues di- 
rectly. any case, chronic hypergly- 
cemia would result, leading increased 
insulin demand, excessive stimulation 
the islets Langerhans and their 
final exhaustion. addition, ACTH and 
ACH may cause decrease the supply 
SH— groups available for the syn- 
thesis insulin and necessary for the 
activity several enzymes carbo- 
hydrate metabolism. 


Prolactin may have action similar 
that STH and ACTH and the se- 
quence decreased pancretic reserve, 
increased insulin demand, stimulation 
and exhaustion the cells may apply 
this hormone also. possible role 
the gonadotrophins diabetes sug- 
gested the observation that androgens 
increase the incidence and severity 
diabetes rats, that certain derivatives 
progesterone also have diabetogenic 
effect, and that the administration 
estrogens first causes hyperglycemia 
and glycosuria followed, with prolonged 
treatment, improvement the dia- 
betic syndrome. 


addition the vicious cycle hy- 
perglycemia, increased insulin demand, 


pancreatic stimulation, pancreatic ex- 
haustion and hyperglycemia, other effects 
may set motion excessive 
stimulation the anterior pituitary. For 
instance STH and ACTH may stimulate 
the formation ketone bodies the 
ketosis may stimulate the secre- 
tion ACH* and these, turn, may 
aggravate the syndrome and, possibly, 
contribute some its 
Diabetes may also influenced epi- 
nephrine which, one the one hand, causes 
hyperglycemia stimulating liver glyco- 
genolysis and, the other hand, stimu- 
lates the secretion ACTH and adrenal 
cortical 


The hormones the posterior pitui- 
tary also cause hyperglycemia, but only 
very large doses. However pos- 
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sible that, when dehydration due ex- 
cessive glycosuria and ketonuria stimu- 
lates the hypothalamic osmoreceptors, 
the excessive production antidiuretic 
hormone may stimulate the anterior pi- 
tuitary and further aggravate the situa- 
tion. 


Conclusions. 


The hypothalamus appears mediate 
the somatic manifestations emotion, 
not only regulating autonomic reac- 
tions such pallor, blushing tachycar- 
dia, rise blood pressure, sweating, 
tremors and increased smooth muscle ac- 
tivity, but also activating the endo- 
crine system. the case diabetes 


mellitus these concepts may 
ized the following diagram: 

this manner anxiety and other 
chodynamic forces may cause somatic 
changes and precipitate aggravate 
acute chronic illness, the awareness 
which, turn, may become source 
anxiety. participation the 
hypothalamo-hypophysial 
pable regulating multitude func- 
tions, may explain the great variety 
and functional changes which 
can precipitated psychogenic stim- 
uli and offers hope for better under- 
standing not only the relationships 
between psycho-endocrine and other psy- 
chosomatic phenomena but psycho- 
logic processes general. 
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ELECTROMYOGRAPHIC STUDIES HUMAN RESPIRATION 
JOHN PAULY, Ph.D.* 


INTRODUCTION 


Since the time the ancients, anato- 
mists and physiologists have attempted 
determine the exact functions the 
muscles the human body. For the most 
part, their opinions were based upon ob- 
servations the muscles the cadaver. 
Such morphological analysis quite 
adequate for certain muscles. For exam- 
ple, the brachialis originates the ante- 
rior surface and intermuscular septa 
the humerus and passes across the elbow 
joint insert the tuberosity and 
coronoid process the ulna. Since the 
joint between the humerus and ulna 
moves one plane only, obvious 
and justifiable conclusion that the muscle 
flexes the forearm. But the action 
function other muscles such the 
biceps brachii which has more complex 
attachments and passes over joint that 
capable movement more than 
one plane, are more difficult analize. 
second technique was employed. 
The muscle being studied was palpated 
through the skin, and contractions felt 
the observer were correlated with 
various body movements. Denervation, 
atrophy and surgical removal muscles 
both man and experimental animals 
and the resulting loss function also 
have contributed our understanding 
muscle function and activity. 


Most body movements 
plished two more muscles acting 
synergistically. analysis move- 
ment involving several muscles requires 
understanding all the muscles 
involved well the relative contribu- 
tions each makes accomplish the: ac- 
tion. Recent advances the field elec- 
tronics have suggested new research 
tool, the electromyograph. This instru- 
ment will record action potentials that 
invariably accompany muscle contraction 
and thereby objectively indicate the rela- 
tive amount activity muscle 
any given time. 


*Instructor, Department Anatomy, The Chi- 
cago Medical School. 
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Early Investigations 


The mechanics respiration always 
has been subject interest both the 
basic scientist and the clinician. Prior 
the time Galen, investigators this 
problem believed that the diaphragm was 
the only muscle inspiration. They held 
was responsible for both the lateral 
and superior excursion the rib cage. 
assuming that the abdominal viscera 
would hold the dome the diaphragm 
place, followed that diaphragmatic con- 
traction would elevate the lower ribs and 
thereby lift the thoracic cage from below. 
Although willing accept the diaphragm 
the elevator the lower ribs, Galen 
believed that the internal intercostal 
muscles assisted inspiration and that 
the external intercostals acted expira- 
tion. Thus the idea was suggested that 
more than one muscle 
for respiration and that muscles acted 
synergistically increase and decrease 
the thoracic diameters. Vesalius believed 
that both intercostal muscles contracted 
the same time and that the diaphragm 
was depressed and relaxed during inspir- 
ation thereby permitting the lower ribs 
spread. reasoned that activation 
the diaphragm would cause 
striction the lower ribs. Thomas Willis 
Oxford 1673 stated that the external 
intercostals are used for inspiration and 
the internal intercostals are used for 
expiration. Hamberger devised his fam- 
ous model 1747 and proposed the 
theory that the intercostal muscles widen 
and narrow the intercostal spaces. 
1833 Magendie suggested that the resist- 
ance the viscera under the vault 
the diaphragm was sufficient increase 
the transverse diameter the upper ab- 
domen and spread the ribs outward dur- 
ing diaphragmatic contraction. 


obvious that these early opinions 
were based morphological observa- 
tions and, for the most part, were not 
confirmed experiments direct ob- 
servations the living. 
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the later part the 19th century, 
the big question was whether the inter- 
costal muscles were inspiratory expira- 
tory function. 1879, Martin and 
Hartwell! stated that was impossible 
determine their function simple 
mechanical studies because (1) the 
irregular shape the ribs, (2) cutting 
any all the other muscles away 
order watch rib movements was not 
reasonable, because one could not know 
the cut muscles hold the upper the 
lower rib and therefore could not deter- 
mine whether the intercostal muscle ele- 
vates the lower rib inspiration 
depresses the upper rib expiration and 
(3) electrical stimulation all respira- 
tory muscles their proper order and 
degree impossible. they devised 
experiment that they were convinced 
would end the controversy. After ether- 
izing cats and dogs and performing 
tracheotomy, they made one longitudinal 
incision along the linea alba and second 
transverse incision expose the dia- 
phragm. They removed the skin, serratus 
anterior, pectoralis major and minor and 
“other muscles” unilaterally order 
expose the 4th the 10th external inter- 
costal muscles. Then they cut the 8th 
and 9th costal cartilages medially, and 
the same ribs laterally, removed the 7th 
and 9th intercostal muscles and the ex- 
ternal intercostal muscles only from the 
8th interspace and dissected free the 7th 
intercostal nerve back the spine. 
tambour was fixed the diaphragm and 
one rib segment was clamped. Strings 
from the other rib segment and from the 
tambour were connected levers 
kymograph. The animal was “kept alive” 
artificial respiration. The authors re- 
port that contractions the 8th 
internal intercostal segment occurred be- 
fore lack blood and exposure had its 
effect. They concluded that they had 
shown decisively the internal intercostal 
questionable whether their “prepara- 
tion” could considered “normal 
state.” can seen the most casual 
observer that the transition from the 
morphological the experimental type 
analysis did not solve all the prob- 
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lems confronting the physiologist imme- 
diately. 


The diaphragm without doubt the 
most important muscle respiration. 
Paralysis this muscle attended 
loss more than percent indi- 
vidual’s vital capacity. series 
papers the mechanics respiration, 
Hoover? Cleveland physician, stated 
that contraction the diaphragm acts 
antagonistically the scalenes and in- 
tercostals. Phrenic contraction increases 
the longitudinal diameter the thorax 
and tends narrow the subcostal angle 
and retract the lower end the sternum. 
the other hand, the scalenes and inter- 
costals tend enlarge the transverse and 
anterio-posterior diameters the base 
the thorax and lessen the longitudinal 
diameter. the patient whose dia- 
phragm paralyzed from anterior polio- 
myelitis but whose scalenes 
costal muscles are intact, Hoover noted 
exaggerated inspiratory widening 
the subcostal angle and flaring the 
hypochondria, because the paralyzed dia- 
phragm incapable exerting any re- 
straint its sterno-costal attachments. 
the other hand, the patient with para- 
lyzed intercostal muscles but with nor- 
mal diaghragm will have retraction 
the subcostal angle and sternum each 
inspiration. Clinically, paralysis the 
diaphragm and/or paralysis the inter- 
costal muscles not encountered fre- 
quently. There are other conditions, 
however, which will give the same signs. 
short, variations respiratory move- 
ments the sternum, subcostal angle 
and costal borders depend upon the high- 
lower positions the diaphragm. 
clinical and experimental examples, 
Hoover showed that when the diaphragm 
was pushed upward was placed 
mechanical disadvantage approximat- 
ing the points origin and insertion 
its muscle; but when displaced down- 
ward, has mechanical advantage and 
cable pulling the costal borders to- 
ward the central tendon. This tendon 
pulled caudally during inspiration. When 
the dome decreased displacing 
downward, contraction the muscle 
pulls the origins toward the tendonous 
insertion. emphysema, the enlarged 


Page Eighty-one 


> 
ist. 
z 
« 
w 
x 2nd. 
w 
” 3rd. 
4 
< 
o 
° 
w 4th. 


LATERAL 
ABDOMINALS 


Figure 


lungs fill the pleural sinuses bringing 
about flattening the diaphragm. Thus 
placed mechanical advantage, the 
diaphragm causes inspiratory narrow- 
ing the subcostal angle. enlarged 
heart and pleurisy with effusion are only 
two the many other conditions which 
may bring about this flattening. 


1922, Hoover discovered 
alysis all intercostal muscles would 
vital capacity. The major disability 
incurred was associated with any effort 
that demands compression distension 
the lung against resistance. sug- 
gested that these muscles are concerned 
wholly with rotation the ribs later- 
ally, superiorly and inferiorly and have 
nothing with the breadth the 
intercostal spaces. Hoover disagreed with 
those physiologists who had assigned 
these muscles the role fixation the 
sides the thorax order furnish 
rigidity the intercostal spaces. be- 
lieved that the parietal pleura amply 
serves this purpose. 
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Recent Investigations 


series reports instrumentation 
and muscle physiology from the late 19th 
century the early 1930s included such 
important contributions Braun’s dis- 
covery the cathode-ray tube 1897, 
the analysis action potentials Piper 
1912 and the discovery the motor 
unit potential and the coaxial needle elec- 
trode Adrian and Bronk 1929. These 
workers set the stage for modern studies 
muscles. 

Bronk and 1935 dissected 
out the nerves the external and in- 
ternal intercostal muscles cat and 
claimed record the discharge im- 
pulses from single motor nerve cells. 
They reported rhythmic groups im- 
pulses the fibers the external inter- 
costal muscles and the interchondral part 
the internal intercostal muscles during 
inspiration and the fibers the in- 
ternal intercostal muscles with expira- 
tion. After eliminating afferent impulses 
resulting from respiratory movements, 
they still recorded rhythmic discharge 
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motor impulses from the nerves supply- 
ing the external and internal intercostal 
muscles. Virtually every standard text- 
book physiology accepted these re- 
sults; and many assumed that such was 
the case the cat, must also true 
for man. 


cordings from multiple locations the 
human thorax with electroencephalo- 
graph adapted 
were made Jones, Beargie and 
1953. They reported slight contrac- 
tion the scalenes during eupneic in- 
spiration, marked activity 


lenes, intercostals (Fig. 1), sternomas- 
toid, and anterior edge the trapezius 
during forced inspiration and strong 
contraction the abdominal wall mus- 
cles and intercostals forced expiration 
and coughing (Fig. 2). They stated that 
the rectus abdominus, serratus anterior, 
pectoralis major and pectoralis minor 
take part eupneic hyperpneic 
respiration. 1957 Jones and 
reported rhythmic activity from the in- 
tercostal muscles four year old boy 
during eupnea (Fig. the standing 
position and confirmed their previous 
findings intercostal silence during 
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eupnea the adult. They found respiratory activity more than ordi- 
accompany various movements the have reported isolated cases where inter- 
trunk (Figs. and and reasoned activity has been recorded during 
perhaps these muscles are used non- quiet slightly increased breathing. 
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These findings are not constant the 
adult and frequently can altered 
changes posture. 

order determine whether the in- 
ternal and external intercostal muscles 
act together independently produc- 
ing respiratory and trunk movements, 
Pauly, Jones, Jarach and Toman! em- 
ployed special assembly four surface 
electrodes oriented an_ intercostal 
space; and opposite electrode pairs led off 
separate amplifiers feeding the and 
axes cathode ray oscilloscope (Fig. 
6). was possible distinguish ex- 
ternal and internal intercostal muscles 
from each other and from overlying mus- 
cles. They concluded that both intercostal 
muscles acted synergistically perform- 
ing the various movements. 


Discussion 


Other factors influencing our breathing 
are the position the body, posture and 
changes intra-abdominal pressure. For 
example, person bends backward 
the side from standing position, the 
intercostal muscles and the abdominal 
muscles unilaterally bilaterally will 
tend pull the rib cage, thus limiting 
its excursion’ (Figs. and 5). Campbell 
and using air-filled, flaccid 
balloon and electromanometer, record- 
intra-abdominal pressure changes dur- 
ing quiet and forced ventilation. 
eupnea, the pressure rose with inspira- 
tion and fell with expiration; but hy- 
perpnea, the pressure during expiration 
rose above that recorded the end 
inspiration. They called this change 
versal” and suggested that “it regarded 
criterion the participation the 
abdominal muscles important ex- 
piratory force.” becomes fairly obvious 
that the abdominal muscles not have 
very significant role expiration ex- 
cept high levels pulmonary venti- 
lation. 

All modern investigators are willing 
admit that the diaphragm the most 
important muscle respiration. But the 
relative importance and influence oth- 
muscles still subject consider- 
able dispute. fact respiratory role 
has been attributed almost every mus- 
cle that inserts on, originates from, 
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TABLE 


MUSCLES RESPIRATION 


Muscles Inspiration , Expiration 


crosses the thoracic cage. Table lists 
those muscles commonly mentioned 
physiologists and anatomists alike be- 
ing associated with breathing. Some 
these muscles are almost impossible 
study the living human because 
their great depth the body; ques- 
tion marks have been placed behind them 
the table. There electromyo- 
graphic evidence for their role res- 
piration. “O” indicates recordable 
activity, and the numbers refer their 
position importance. For example, the 
diaphragm given the number be- 
cause the most important muscle 
inspiration; and the scalenes are given 
the number because their importance 
inspiration exceeded only the 
diaphragm. Electromyograms show 
increase activity the scalenes dur- 
ing inspiration while only 
the exceptional case any activity noted 
from the intercostals abdominal mus- 
cles. forced inpiration there marked 
activity the scalenes and the inter- 
costal There differ- 
ence the activity the muscles be- 
tween the interosseous 
lagenous portions the ribs, and 
vectorelectromyographic con- 
firms our suspicion that both the internal 
and external intercostal muscles contract 
simultaneously. maximal inspiratory 
effort, the and anterior 
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border the trapezius also contract. 
Toward the end this strong inspiratory 
effort, the lateral abdominal group also 
emits action potentials, probably re- 
sult myotonic stretch elicited 
the pull the abdominal wall the 
thoracic excursion proceeds. 


Expiration usually passive activity, 
probably due the elastic recoil the 
lungs and ribs the diaphragm ascends. 
breathing becomes more labored, how- 
ever, the lateral abdominal muscles show 
short bursts activity and act pull 


the ribs down. forced expiration, 
coughing and blowing into the tube 
mercury manometer (so force the 
column 50-150 mm. Hg. [Fig. 7]), 
the intercostal muscles become active’, 
just force inspiration, the interos- 
seous and interchondral portions become 
active simultaneously. appears, there- 
fore, that the concept expounded the 
anatomical and physiological texts un- 
tenable for the human, i.e. that the ex- 
ternal intercostal muscles and interchon- 
dral part the internal intercostals are 
active inspiration, while the internal 
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intercostal muscles are active expira- 
tion. 


Although medial rotation flexion 
the arm produced strong contractions 
from the pectoralis major, and action 
potentials were produced the serratus 
anterior when the shoulder 
tracted, these muscles did not show ac- 
tivity even extreme 


Since vectorelectromyographic studies 
have not been made the abdominal 
muscles, impossible state defi- 
nitely which ones are responsible for 
pulling the rib cage down. our studies, 
the electrodes were always placed about 
inch lateral the lateral border 
the rectus abdominus and inch inferior 
the subcostal border. has been sug- 
gested that the rectus abdominus may act 
with the lateral abdominal muscles 
expiration. Electromyographic 
however, show that this muscle has 
effect respiration but rather con- 
cerned only with flexion the 


appears that thoracic excursion 
accomplished increased activity the 
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scalenes which raise the first ribs. Be- 
cause the cage precisely balanced, 
the remaining ribs follow. Due their 
axes rotation, shape, differences 
length and downward and forward posi- 
tion, their elevation produces increase 
the anterio-posterior well the 
transverse diameters the chest. Since 
the individual intercostal muscles not 
contract quiet breathing, the ribs must 
raised their connections the 
parietal pleura and its associated endo- 
thoracic fascia. the first rib elevated 
the scalenes, the other ribs follow. 
has been suggested that the scalenes only 
fix the first rib; but this were true, then 
how could one explain the elevation 
the ribs eupnea where action poten- 
tials from the intercostal muscles are 
not recordable? Cessation scalene ac- 
tivity permits the ribs descend, and 
the cage assumes its resting position. 
forced inspiration the strong contractions 
the scalenes pull hard the first rib, 
thus rapidly elevating the other ribs. 
Because the lower ribs are attached 
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the abdominal muscles, such rapid ele- 
vation the first rib would tend 
widen the intercostal spaces and fan-out 
the ribs like the bellows accordion. 
Contraction the intercostal muscles 
prevent the ribs from spreading apart 
and assist preventing retraction the 
intercostal spaces that might accompany 
the rapid decrease intrathoracic pres- 
sure. forced expiration and blowing 
into mercury manometer (Fig. 7), the 
lateral abdominal muscles pull down 
the rib cage and the first rib depressed. 
The intercostal muscles contract, thus 
opposing any tendency bulging the 
intercostal spaces due the elevated 
intrathoracic pressure, and prevent the 
ribs from separating. The scalene muscles 
resist this sudden change, and their elec- 
tromyographic tracings demonstrate their 
activity (Fig. 1). 


Some readers may wonder why struc- 
tures such intercostal muscles exist. 
Would not strong elastic collagenous 
membrane between the 
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keep them from spreading apart and 
bulging retracting during forced res- 
piratory movements? The answer 
probably Such membrane could 
serve adequately for breathing, but 
would hinder body movement. For exam- 
ple, when person leans one side, the 
intercostal spaces narrow the 
lateral side and spread the contra- 
lateral side. membrane would hinder 
such movement. Heavy collagenous 
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attachments would assist the abdominal 
musculature when person sat from 
supine position but would hinder him 
when attempted bend backwards 
from position. elastic 
membrane would permit the back bend 
but could not assist sitting up. But 
the intercostal muscles are capable 
holding the ribs proper approximation 
well stretching permit various 
body movements. 
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The material covered this discussion 
the outgrowth some thinking and 
philosophizing certain standard con- 
cepts medical history taking which 
have large extent permeated the 
medical curriculum. They are usually 
expressed the rather rigid, possibly 
poorly conceived attitudes, the average 
medical student the time has be- 
come senior. 


One these general attitudes that 
good medical practice requires thorough- 
ness, and the taking complete med- 
ical history covers all the questions neces- 
sary establish presence absence 
disease system. Such thoroughness and 
completeness supposed epitomize 
the exactness the scientific method 
and make for good medicine. by-prod- 
uct this attitude that the physician 
rather mechanically runs through bat- 
tery questions without great deal 
understanding the patient’s answers, 
other than the significance which yes 
may have for diagnostic entity 
which being pursued. illustrate: 
Presenting complaints cough, pain 
the chest and weight loss lead the exam- 
iner consider tuberculosis the lungs 
possible causative agent. there- 
fore becomes interested the health 
the patient’s siblings, and causes death, 
any. The patient replies that had 
one brother and four sisters, all whom 
are now dead. The physician pursues 
this information, requesting know the 
date and cause death each sibling. 
Having elicited data bearing posi- 
tively TB, goes the next 
item without interest how the patient 
feels about being left virtually alone with 
the loss many siblings. Nor does 
express any words sympathy 
understanding. The next item happens 
“occupation.” Such experience 
gives patient the feeling being ap- 
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THE MEDICAL HISTORY CRITIQUE 
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proached very mechanical, deper- 
sonalized fashion. 

the complaint and present ill- 
ness” section medical history taking, 
have often been impressed the 
frequency with which the patient pre- 
sents new, significant fact only find 
that the examiner not interested 
what him “divergent” information, 
but insists getting back previously 
discussed material before being willing 
think further about the case. This 
tendency large extent dependent 
the idea “following through” 
each complaint the point complete 
investigation before going any new 
step. Sometimes seems the exam- 
iner even exasperated the patient 
for introducing what sees “irrele- 
vant” the material being pursued. This 
failure recognize the relevance his- 
torical data often leads one ignore very 
significant material. While listening 
the taking history dealing with the 
collapse patient the street and 
her revival pulmotor squad, one 
could struck the remark that peo- 
ple were laughing her she returned 
consciousness. The doctor ignored the 
statement order pursue his inquiry 
about precordial distress which preceded 
the spell. The clue laughter however, 
was sufficient the first item chain 
investigation which ultimately led 
more accurate evaluation the pa- 
tient’s difficulty part paranoid 
psychosis. Further development the 
history established non cardiac basis 
for the so-called collapse. 


quote from Dr. Robert Wartenburg, 
the Current Medical Digest discussing 
history taking the neurologist, 
worth mentioning: 

“The art history-taking requires 
many things: observation and careful re- 
cording, credulity and critical 
guidance and ‘laisser aller,’ inquisitive- 
ness and tact—all that makes good phy- 
sician. But has its reward. History 
taking with sympathy and interest will 
contribute toward the main goal: that the 
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patient leave the office feeling better than 
when entered.” 

The chief complaint, and the “onset 
and course the present best 
obtained free flowing interview with 
the provision reasonable interference 
with and redirection excessive circum- 
stantiality. occasional question de- 
velop and round out historical data will 
help give integrated history. There 
difficulty for the examiner with 
obviously relevant and properly placed 
material. But significant parts 
tory may incongruities and inconsist- 
encies, material often considered irrele- 
vant routine examiners. Stewart Wolff 
writes: 

“Unaccountable memory defects for 
past and present events, contradictory 
statements, mention person sub- 
ject out direct line the story, damn- 
ing with faint praise, and blocking 
suddenly changing the subject before the 
previous thought has been developed; 
these and other signs the interview, 
including gestures, facial expressions, 
and tone voice give important infor- 
mation the attentive observer about 
what make patient tick. They are 
among the important data elicited the 
talking with his 
patient.” 

The family history can frequently be- 
come account illnesses and deaths 
parents and siblings, familial dis- 
eases and marital status, record- 
ing for the purpose collecting statis- 
tics. the other hand, the dates 
death people significant the patient 
may give one opportunity study 
the presenting illness being precipi- 
tated such events. recent birth may 
create feelings insecurity which are 
more significant for explaining the pa- 
tient’s symptoms than relatively minor 
drop the blood count. The family his- 
tory needs evolved information 
enabling judge the significance 
the interplay emotional forces and 
events the family order weigh 
the importance these forces the pre- 
cipitation perpetuation the patient’s 
present illness. 


The social history sometimes dealt 
with means elicit corroborative 
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evidence for established diagnostic 
conclusion rather than opportunity 
understand the social setting and its 
influence the total person. malaria 
suspected, then information that the 
person lived the South may 
lighted the history. Suspicion nu- 
tritional disease may lead search for 
improper dietary habits. toxic rather 
than schizoid reaction may “veri- 
fied” details the patient’s occupa- 
tion painter giving exact data 
how and with what mixes his paint. 
Important data the patient’s social 
and economic status, his daily function- 
ing, his isolated and ineffectual manner, 
and erratic work history may re- 
fused “irrelevant.” this way, the 
diagnostic possibility schizophrenic 
reaction which could well explain the 
patient’s disability not clarified, but 
obscured because the data the social 
history not adequately obtained 
evaluated. 

The three important goals med- 
ical history are listed Carter as: 
ship with the patient, (2) Acquiring suf- 
ficient information able diagnose 
and treat, and (3) Keeping the patient 
comfortable consistent with ade- 
quate diagnosis and treatment. taking 
the social history the goal acquiring 
sufficient information diagnose and 
treat frequently overlooked. 

The history infectious diseases, diet, 
allergic and immunologic responses, and 
general health often includes statements 
about past illnesses without any real con- 
firmation, even the supporting evi- 
dence descriptive detail. quote 
fact the patient’s statement that had 
encephalitis three years ago, coro- 
nary one year ago, without even de- 
scription the illness many in- 
stances accept fact either mis- 
somatic disorders particularly, 
constant experience conclude that 
physical illness which claimed have 
been experienced the past doubt- 
ful likelihood judging from elaborations 
the history from cumulative hos- 
pital records. These often fail give 
data supporting claim that the patient 
actually suffered from the disease. 
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The development the “complete sys- 
temic review” leads many distortions 
which can called one’s attention 
only when the myth that scientific accur- 
acy requires this type investigation 
can exposed. very impressive thor- 
oughness was shown examiner 
the admitting clinic about painful 
shoulder complaint. was eliciting 
from the patient systematic review 
symptoms for arthritis, e.g. “Is the joint 
swollen?” “Is red?” “Is hot?” 
After having exhausted the 
quiry, felt satisfied. The patient’s re- 
plies had been “yes”. The physician had 
gathered the impression that was deal- 
ing with typical arthritic involvement 
the shoulder, painful, swollen, red 
joint. Another examiner then turned 
the patient and asked, “Is cold and 
white?” again answered “yes.” 


The investigation organ systems 
leading questions the presence 
certain symptoms tends distort 
through “symptom giving.” The patient’s 
need comply, the good patient, 
please the examiner frequently leads 
the acceptance some symptoms 
reaction the suggestive nature with 
which the inquiry about the symptom 
made. earlier paper medical 
history taking indirect questioning, 
the senior author has more thoroughly 
discussed this problem. 


One the more frequent defenses 
against and attacks the possibility 
diagnosis suggesting “functional” con- 
dition contained the attitude: 
can’t rule “You should have 
complete diagnostic workup,” “Every- 
thing must ruled out before you can 
say it’s functional.” These self same ex- 
pressions the need for completeness, 
for avoidance the error overlooking 
structural disease, are able recall 
heing prevalent ideals examination 
our student days. not our purpose 
minimize the desirability diminish- 
ing error diagnosis, the impor- 
tance detailed investigation the 
patient’s However, there 
grave question whether not this 
so-called thoroughness need imply the 
utilization laboratory and other diag- 
procedures the point absurd- 
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ity without offering the patient the bene- 
fits adequate personal diagnostic 
interview and physical examination. 
feel that the teaching which prompts the 
student’s need say “You can’t rule 
out,” needs revision. The point being 
made can best emphasized clin- 
ical situation. 


patient presented herself because 
precordial pain, dyspnea 
headache and backache. She was seen 
with student after had done com- 
plete physical examination. When asked 
for diagnostic impression, replied, 
“She probably cardiac case.” 
inquiry his findings was followed 
admission that there were car- 
diac findings. When asked what would 
further the patient’s care, spoke 
favor “cardiac workup” and de- 
scribed the need for ECG, chest plate 
for heart, etc. further desirable exam- 
ination procedures. was pointed out 
that after all, physical examination had 
not disclosed any significant findings. 
The question was raised why inves- 
tigate the possible cardiac symptoms 
further laboratory procedures. Turning 
the patient, she was asked about the 
chief cause for her clinic visit. The reply 
was “my headache.” 
learned that the pain the back had 
developed the patient’s first symptom 
the presenting complaints. one were 
carry the concept “complete diag- 
nostic workup” its ultimate conclu- 
sion, such situations, would lead 
rather absurd relationship the pa- 
tient. Yet our medical teaching leads 
the very common statement: “The patient 
entitled ECG” whatever other 
diagnostic procedure the student may 
feel the patient “entitled to.” The 
patient complaining severe pain the 
back radiating into the legs with increase 
coughing, etc., often “entitled to” 
X-ray the back, but one may find 
that testing patellar and achilles reflexes 
the lower extremities may neglect- 
unless the patient being examined 
neurology. has been our impression 
that all too often, the so-called “complete 
diagnostic investigation which the pa- 
tient entitled” all too often limited 
that group symptoms which enable 
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the use diagnostic procedures with 
which the examiner most familiar, 
can obtain with minimum effort. 


might seem that this discussion 
primarily destructive. This not our 
intent. But when deal with well 
established set rules concepts, 
does seem best that weaknesses point- 
out before undertaking positive sug- 
gestions for change the system. 
the first such suggestions, the tak- 
ing presenting complaints, 
may wiser for the examiner allow 
the patient digress freely for reason- 
able period, should tend so, and 
pursue material the patient leads with 
it. time interferes, the material’s 
relevance not perceived, (material 
never irrelevant, the examiner’s in- 
ability perceive and appreciate rele- 
vance that leads the claim that the 
material irrelevant) one may then 
redirect the patient the presenting 
complaints. 


The present illness, its onset and course 
history, frequently done what 
can called “smash through center.” 
The examiner catches the ball, fixes his 
eye center, hopes there opening, 
and goes through there is. our 
feeling that more flexibility than that 
needed medical history taking. 
makes for better and more interesting 
medical work and improves patient-phy- 
sician relationships. illustrate: pa- 
tient notices sudden sharp pain radiat- 
ing down the right leg. The leg then 
becomes numb and walking progressively 
more difficult until she finds herself un- 
able move the right leg. onset and 
course history elicited with greater flexi- 
bility from this same patient might also 
have read “Two weeks ago Sunday, 
while the way church, the patient 
developed pain radiating down her 
right leg. She was sad frame mind 
the time, having visited the graves 
her parents the day before.” Utilizing 
such information becomes possible 
this patient uncover emotionally 
traumatic situation involving guilt feel- 
ing over intimate relationship with 
friend who means great deal her. 
Her strict Lutheran up-bringing makes 
association the onset her visiting 
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her parent’s grave, and going church 
quite significant. 

onset and course history should not 
our opinion, symbolized direct 
invasion the patient frontal 
assault. can better symbolized 
series spirals which the center 
each spiral symptom being investi- 
gated. The symptom clothed the 
situation, events, places, persons, and 
emotional stresses and deprivations. One 
can then truly see these experiences 
vestments the symptom. 


Some remarks pertaining the 
provement the family, social, and past 
personal history have already been made. 
Failure effective job within this 
area inquiry usually related the 
examiner’s need pursue possible or- 
ganic diagnostic impression over against 
trying understand the person 
holistic way. 


The investigation the patient the 
systematic review symptoms can much 
better carried out through indirect 
questioning. Direct questioning, usually 
the form leading questions, success- 
fully plant many seeds the minds 
even not particularly anxious patients 
through the power suggestion. The 
greatest source suggestive “symptom 
giving” that part the history which 
generally referred the “inventory 
symptoms.” here that the phy- 
sician, traditionally trained, likely 
symptoms previously not available the 
patient. The number such suggestive 
symptoms are too many mention. Un- 
fortunately the patient rarely 
these only once. patient seen 
series physicians, may the list 
used successive occasions. Hospitali- 
zation introduces him another series 
question askers. they are leading 
questions, whole symptom complex can 
become thoroughly fixed his mind. 
clearer concept what being stressed 
can obtained noting the manner 
which organ system examination 
frequently made, and how similar 
history can elicited without any 
ing question activity suggesting symp- 
tom. 
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patient may questioned for pos- 
sible eye injury associated with blepharo- 
spasm being confronted with such 
questions as: “Did something happen 
your eyes?” “Can you open your 
eyes?” “Can you see?” “Does hurt?” 
All such questions suggest that the 
patient actually sustained injury, that 
may unable open his eyelids, and 
that cannot see. They are reinforcing 
questions and suggestions which cumu- 
latively tend strengthen the idea that 
serious disability exists. preferable 
approach would reassure and suggest the 
opposite. real disability does not 
exist, indirect questioning can help con- 
vert the patient from one with “dis- 
ability” requiring hospitalization one 
who can immediately “cured.” The 
following technique has been found suc- 
cessful. After appraisal the situa- 
tion, the patient told positive and 
reassuring manner: “Open your 
there hesitation, delay may 
positively urged: “Make effort 
examination then made the 
eyeball assure the examiner that 
injury exists. The patient may asked: 
“Tell what happened.” These ques- 
tions elicit further information about 
the patient’s ocular symptoms may then 
used: did notice? ‘:‘How 
were you affected?” “Did you notice any 
other symptoms?” “Is there anything 
else you can tell me?” “Is there anything 
about this you want ask me?” etc. The 
material will revealed freely without 
single suggestive idea. 

Another example history-taking 
the indirect method may more clearly 
demonstrate the more 
tialities indirect versus direct ques- 
tioning. typical example history 
being taken direct questions, after 
the “initial complaint and history the 
present illness” has been elicited, might 
proceed follows: “Do you have stom- 
ach pain?” “How long have you had the 
pain?” “Do you vomit?” “Did you ever 
vomit before?” “Did you ever notice blood 
your stools?” not uncommon 
hear series such questions given 
patient complaining epigastric pain 
discomfort. have found that just 
good picture can obtained through 
indirect questioning with questions as: 
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“Describe your discomfort.” “Can you 
locate for me?” “When did you first 
notice it?” “Where else did you notice 
it?” “Have you noticed anything else 
about your condition?” “What did you 
notice about your condition?” “What 
about your eating and appetite?” the 
patient indicates that has vomited: 
“What did you notice about your vomit- 
ing?” “What was the stuff you vom- 
ited?” “Have you noticed anything dif- 
ferent about your bowel movements 
stool?” “Did you notice anything your 
stools?” have found that perfectly 
satisfactory medical history can ob- 
tained using such indirect questions. 
The possibility improving, and increas- 
ing available information through further 
indirect questioning constantly exists. 
The end result very adequate history 
without “giving” the patient choice 
new symptoms. The same method may 
applied with equal success any 
organ system. 

The present tendency medical “his- 
tory taking” based the concept 
systematic investigation the patient 
directed allegedly obtaining maxi- 
mum degree scientifically accurate in- 
formation about patient, and applying 
this information the problem diag- 
nostic evaluation. The ultimate goal 
this procedure that prognostic and 
therapeutic benefit may accrue the pa- 
tient from this investigation. felt 
that the application some the prin- 
ciples mentioned this paper might lead 
scientific wish fulfilling expectations 
the examiner. But more effective un- 
derstanding the patient whole 
person, and continuously learning and 
growing experience for the examiner will 
another end result. 
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the instruction the student the broad funda- 
mentals urology, and practical guide for 
the physician who not urologic specialist, 
encounters urologic problems. 


brief review the more important aspects 
urogenital tract anatomy and physiology are 
included introductory refresher. Urologic 
symptoms and their potential significance 
indications for special urologic examination are 
discussed, while the pathogenesis, clinical as- 
pects, diagnosis and treatment the more com- 
mon urologic diseases are adequately considered 
for the needs active daily general practice 
either the office the bedside. The reader 
instructed the requisites physical and 
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laboratory examination and diagnostic study 
the point cystoscopic investigation and major 
urosurgical treatment. Minor office procedures 
such meatotomy and the passage catheters 
and sounds are illustrated. 


useful and stimulating inclusion this book 
chapter questions with page references 
the answers. 
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classic, has continued has done 
the past, present text which can used 
up-to-date practical guide medical student 
and general practitioner alike. concise 
presentation the most commonly occurring dis- 
ease processes and injuries the eye and 
adnexa. 
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The book quickly read, clearly presented 
and very pallatable form. The line draw- 
ings, black and white and color photographs 
which illustrate the text highlight most the 
salient features the anatomy, pathology, exam- 
ining technics and examples testing results 
related ophthalmology. this new edition 
the author has enlarged the chapter Occular 
Manifestations General Diseases, especially 
the sections viral and degenerative diseases. 
Other fine sections frequently overlooked other 
books the subject are emergency waiting 
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room and recovery ward procedures and there 
excellent chapter orientation surgical 
operations the eye and adnexa. 

This volume heartily recommended 
reference work for the medical student, who can 
use textbook good advantage. Likewise, 
will prove useful any physician desiring 
clear, concise exposition ophthalmologic prob- 
lems. probably too abbreviated volume 
great value the practicing eye special- 
ist, but surely this was not the purpose 
writing it. 
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ABSTRACTS SECTION 


FURTHER ELECTROMYOGRAPHIC STUDIES 
MUSCLES COSTAL RESPIRATION MAN 
—David Jones and John Pauly, Depart- 
ments Anatomy, The Stritch School Medi- 
cine, Loyola University, The Chicago Medical 
School, Chicago Record— 
press. 


Electromyographic studies were made the 
scalenes, intercostals and lateral abdominal mus- 
cles means two ink writing modified elec- 
troencephalographs. The scalenes and intercostals 
contract hyperpnea during the inspiratory and 
beginning the expiratory phase. The lateral 
abdominals produce action potentials the end 
inspiration and during expiration. The con- 
tinuation activity the scalenes 
costals from the inspiratory over into the expira- 
tory phase interpreted indicating that some 
force necessary prevent sudden emptying 
the lungs from the fully expanded state. The 
fact that intra-abdominal pressure increases to- 
ward the end forced inspiration and that the 
rapidly elevated rib cage tends stretch the 
lateral abdominal muscles, leads advance 
the argument that abdominal muscular contrac- 
tions, least during inspiration, are initiated 
the muscle stretch reflex. 

maximum expiratory effort into the tube 
mercury manometer elicits action potentials 
from the scalenes well the lateral abdomi- 
nal muscles and intercostals. 

Contractions the intercostal muscles occur 
during various movements the trunk. 
obvious that the intercostals well 
scalenes and lateral abdominals act postural 
adjustments and perhaps are used nonrespira- 
tory activity more than ordinary respiration. 

FOA, P.: Fisiopatologia del Diabete. Atti 

Soc. Lombarda Sci. Med.-Biol., 11:301, 1956. 


review the physiopathology diabetes, 
written Italian. 228 references. 
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POLLI, JOHN and LUISADA, ALDO 
cago Medical School Mount Sinai Hospital, 
Chicago, Effect Splenectomy, Nephrec. 
tomy and Other Procedures 
duced Pulmonary Edema. Am. Physiol. 
599-603. 1957. 


The effect various operative procedures and 
tissue extracts epinephrine-induced pulmonary 
edema (EPE) was studied 338 rabbits. 
thesia and laparotomy with manipulation the 
viscera had definite protective effect against 
EPE. Similar effects were obtained with the 
intraperitoneal injection foreign substance 
pretreatment with ACTH adrenal cortex 
steroids. This protection believed the re- 
sult adrenal cortical activation 
Splenectomy had protective effect against EPE 
which was greater than that sham operations. 
The injection splenic extract splenectomized 
animals decreased survival time and increased 
the severity the edema, whereas injection 
hepatic extract had less marked effect. Both 
unilateral and bilateral nephrectomy had pro- 
tective against EPE. 


* * * * * 


PAULY, JOHN E.: Glycogen Stores Glucagon- 
Treated Rats. III. Effects Adrenalectomy and 
Hypophysectomy. Proc. Soc. Exp. Biol. and Med. 
1957. 


The effect glucagon and epinephrine 
liver and muscle glycogen adrenalectomized 
and hypophysectomized rats with without 
treatment with cortisone insulin was studied. 


The results are consistent with the hypothesis 
that glycogenolysis and hyperglycemia are the 
primary effects glucagon and epinephrine and 
that the delayed increase liver glycogen and 
occasionally muscle glycogen, observed after 
injection these hormones, the result 
secondary secretion insulin aided the 
missive” action the adrenal cortex. 
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